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New Estimates of the Value of Federal 


Mineral Rights and Land 


By MICHAEL J. BOSKIN, MARC S. ROBINSON, 
TERRANCE O’REILLY, AND PRAVEEN KUMAR* 


+ 
-| The federal government owns a large frac- 
\ tion of the mineral rights and land in the 
United States. The value of these resources 
varies substantially over time, both with 
acquisitions and sales of these assets and 
‘with changes in the prices of the minerals 
j and land involved. Whether one is interested 
in measures of national wealth, land manage- 
; ment policy as part of efficient government 
operations, or (long-run) macroeconomic fis- 
cal policy issues, time-series estimates of the 
value of federal mineral rights and land are 
potentially valuable information. 

At one extreme, consider a country or 
state that owns substantial mineral rights 
when the price of those minerals skyrockets. 
The additional revenues potentially available 
either for use in the public sector, or to allow 
tax cuts to provide greater private income, 
may alter the course of the economy. There 
are historical precedents. Saudi Arabia was 
able virtually to abolish taxation due to reve- 
nues from the sale of mineral rights, and 
Alaska used oil-based revenues to provide 
cash grants on a per capita basis to its citi- 
zens, thereby increasing their private wealth 
and consumption opportunities. 


$ 
3 
i 
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* Boskin: Professor of Economics, Stanford Univer- 
sity, Stanford, CA 94305 and Research Associate, Na- 
tional Bureau of Economic Research; Robinson: Assis- 
tant Professor of Economics, University of California- 
Los Angeles, Los Angeles, CA 90024; O’Reilly and 
Kumar: graduate students, Economics Department, 
Stanford University. This paper is part of Boskin’s 
larger project on more comprehensive federal govern- 
ment budgets. We are indebted to Dennis Epple, an 
anonymous referee, and seminar participants at Stan- 
ford University and the National Bureau of Economic 
Research for helpful comments. We thank the Center 
for Economic Policy Research at Stanford University 
and the National Bureau of Economic Research for 
financial support. 


923 


The microeconomics of sensible resource 
allocation, within the public sector and be- 
tween the public and private sector, relies on 
careful cost-benefit evaluations of the value 
of public services and the opportunity costs 
of providing them. These in turn are only 
possible with accurate information on actual 
and potential revenue sources, including the 
opportunity costs of purchases and sales of 
assets, as well as traditional flows of income 
into and out of the public sector. Therefore, 
the value of federal mineral rights and land 
is potentially an important piece of informa- 
tion for a host of public policy questions. 

This paper provides, we believe for the 
first time, estimates of the value of federal 
mineral rights in the postwar period in the 
United States. It also presents a new time- 
series for the value of federal land and com- 
pares the results with previous estimates. We 
find that the values of federal mineral rights 
and land are enormous and fluctuate by tens 
of billions of dollars annually. 

In Section I, we consider the valuation of 
federal mineral rights; in particular, the reve- 
nue which the government is able to obtain 
from onshore and offshore leases for the 
extraction of oil and natural gas. We review 
some recent studies of resource accounting 
(none of which focuses on the government 
sector) and present a new methodology for 
valuing mineral rights. We estimate the value 
of federal oil and gas mineral rights to be 
$819 billion in 1981, a number higher than 
the privately held federal debt in that year. 
Our estimates consider economically recover- 


The total national debt in 1981 was $1,004 billion. 
Of this, $210 billion was held by government agencies 
and the Federal Reserve, leaving $794 billion held by 
private individuals and institutions. 
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able undiscovered reserves,” and therefore 
would substantially exceed estimates that 
used the methods of previous studies. 

Section II is devoted to the valuation of 
federal land. We review the work of Ray- 
mond Goldsmith (1962), Grace Milgram 
(1973), and Robert Eisner and Paul Pieper 
(1984) on this subject, and we present new 
updated estimates of the value of federal 
land, taking into account the changing com- 
position of federal land. Our estimate for 
1981 is $175 billion, composed of $112 
billion for urban land and $63 billion for 
rural land. 

Section III provides a summary and agenda 
for research, and the Appendix provides de- 
tails of Milgram’s methodology for estimat- 
ing government land value and our extension 
of her estimates. 


I. The Value of Federal Mineral Rights 
A. Previous Studies of Resource Accounting 


Although no previous study attempts to 
value federal mineral rights specifically, a 
number of recent studies of income account- 
ing for exhaustible resources, such as oil and 
natural gas, support the inclusion of esti- 
mates of the underground reserves of these 
resources in measures of national income 
and wealth.’ The current accounting practice 
is to exclude such estimates. The National 
Income and Product Accounts of the Bureau 
of Economic Analysis consider only produc- 
tion of mineral resources, ignoring the level 
of reserves. The studies argue for the inclu- 
sion of the net value of proven reserves in 
estimates of national wealth.* This value 
could change through discovery, depletion, 
and changes in the price of the resource. 


2Those resources estimated to be recoverable and 
profitable to extract at current prices and technology. 

3See the U.S. Securities and Exchange Commission 
(1979), UN Economic and Social Council (1979; 1980), 
Financial Accounting Standards Board (1980), John 
Soladay (1980), and J. Steven Landefeld and James R. 
Hines (1982). 

4They also favor the incorporation of this value in 
accounting measures of firm wealth. 
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The perpetual inventory method provides 
a means of building on an estimate of the 
value of proven minerals for a particular 
year, Determining the annual changes in 
value is fairly straightforward; the major 
difficulty arises in determining a base year 
estimate for the value of proven resources. In 
an important study, J. Steven Landefeld and 
James Hines discuss three methods for esti- 
mation: the present value method, the land 
price method, and the net price method. 

The present value method requires fore- 
casting prices, operating costs, production 
and interest rates over the life of the field 
after its discovery. The present value of the 
stream of net revenues is determined. John 
Soladay extends this method by attempting 
to take into account the upward revisions in 
estimates of reserves that typically occur after 
the discovery; the total quantity produced 
from a field is greater than the initial dis- 
covery. Several ways of guessing future trends 
in net revenues have been used. Soladay 
extrapolates future net revenues based on the 
weighted average of net revenues over the 
period 1948-74 and chooses a particular in- 
terest rate. Landefeld and Hines report re- 
sults for three arbitrary choices of growth 
rate in net revenue and interest rates. The 
Securities and Exchange Commission (SEC)° 
proposed that companies be required to as- 
sume no growth in net revenue and a 10 
percent discount rate. 

The net price method assumes that net 
revenues increase at the rate of interest. 
According to economic theory, this is neces- 
sary for equilibrium if the cost of exploration 
and extraction is the same for all of the 
exhaustible resource. The advantage of this 
method is that it does not require any as- 
sumptions regarding the time path of pro- 
duction, since any pattern has the same pres- 
ent value. 


Securities and Exchange Commission (p. 503) quoted 
in Lardefeld and Hines, p. 150. 

If the resource has an increasing cost of extraction, 
net price should increase at less than the rate of interest 
in equilibrium. Landefeld and Hines neglect to note this 
in their defense of the net price method. 
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The third method discussed by Landefeld 
and Hines, the land price method, assumes 
that the entire value of the proven reserves is 
paid to the landowner in the form of bonus 
payments and royalties.’ They also assume 
that royalties are a constant fraction of the 
net value of the resource, so that annual data 
on bonuses can be used to estimate the net 
value of the oil and gas prospects leased that 
year. One problem with this method is that 
the value of oil and gas prospects leased in a 
particular year bears no particular relation- 
ship, even in expected value terms, to new 
proven reserves in that year, because of deci- 
sion and drilling lags. This is therefore 
fundamentally different from either the pres- 
ent value or net price methods. A second 
difficulty lies in Landefeld and Hines’ esti- 
mates, since they use 12.5 percent as the 
fraction of net price which is paid in the 
form of royalties. Since royalties are at least 
12.5 percent of the gross price of oil and gas, 
this significantly understates the importance 
of royalties, and their estimates for the value 
of oil and gas prospects leased are too low. 
This is confirmed by noting that the esti- 
mates using the land price are much smaller 
than their estimates using other methods. 
(See Landefeld-Hines, p. 159.) 

Each of these methods is inadequate for 
creating government wealth and capital for- 
mation accounts. The most important prob- 
lem is the neglect of the value of economi- 
cally recoverable undiscovered reserves, This 
neglect, as argued below, causes an under- 
statement of wealth and capital gains and a 
misstatement of government investment. 

Earlier studies argued against including 
economically recoverable undiscovered re- 
sources in either national or firm accounts on 
the grounds that estimates were too uncer- 
tain. This problem is much less severe for the 
United States as a whole than for the indi- 
vidual firm, since the sample of prospects is 
far larger and, therefore, the distribution is 
tighter (the coefficient of variation is smaller). 
While the range of estimates of undiscovered 


7Payments to landowners are only relevant to calcu- 
lations concerning firms, and not to calculations of 
national wealth. 
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resources may be wide, there is no a priori 
reason for believing an estimate to be biased. 
By contrast, assuming that undiscovered re- 
sources have no value is surely biased and, 
therefore, estimates of wealth and income 
will be biased. 


B. Methodology for Valuing Mineral Rights 


When the government leases the mineral 
rights in a particular area—rights essentially 
to as yet undiscovered resources—it has re- 
duced its mineral wealth by transferring 
claims to part of it to the private sector. In 
return, the government receives some pay- 
ment immediately in the form of a bonus, 
with the rest of the payments deferred as 
royalties or rental payments. Bonuses are 
cash payments that are not conditional on 
the existence or size of the resource, and are 
typically the variable subject to bidding. 
Royalty payments are fractions, usually fixed 
in advance, of the gross revenue of the 
produced output, if any. By the time reserves 
are proven, their only value to the govern- 
ment is the present value of the royalties they 
represent. 

The base-year value to the government of 
federal mineral rights is the sum of three 
components: future royalties on proven re- 
serves; future royalties on estimated undis- 
covered reserves; and future bonuses on un- 
leased land.® This may be written (choosing 
1981 as the base year) as follows: 


(1) Viog1 = PVR, + PVR, + PVB, 


where PVR, = present value of future royal- 
ties on proven reserves, both onshore and 
offshore; PVR, = present value of future 


8 This is obviously not the total value of the minerals 
on federal land, nor is it even necessarily the remacning 
scarcity rent on the minerals (since bonuses and royal- 
ties may not capture the full rent). We ignore rental 
payments, that are quite small compared to bonuses and 
royalties, as well as additional taxes that might be 
generated from the production. The extra taxes sould 
only arise from special taxes on the resource (for exam- 
ple, crude oil windfall profits tax) or the economic 
surplus captured by the producer rather than the 
government. 
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royalties on undiscovered reserves, again both 
onshore and offshore; and PVB = present 
value of bonuses on mineral leases. 

To obtain the value for any future year, we 
take the value for the previous year, add 
capital gains or losses, and subtract bonus 
and royalty payments received. Capital gains 
and losses are calculated by assuming that 
the current price is the base from which 
future prices grow at the interest rate.” Since 
all three components of the base-year value 
are proportional to the current price, the 
capital gain is just the change in price times 
the previous year’s value. Using this method, 
the base-year value can be projected back- 
wards as well. 

Ignoring undiscovered reserves can cause 
several problems in the wealth and income 
accounts of the government. For example, 
the sale of leases would be treated as an 
increase in government receipts and wealth 
rather than an asset sale, and future royalty 
rights would not appear in the accounts until 
drilling was successful. Further, capital gains 
and losses associated with price changes 
would only be counted on proven reserves. 
Government capital formation, defined as 
the change in government wealth, would be 
overstated, since the sale of assets in the 
‘form of possible reserves would be ignored.!° 

For all of these reasons, we believe accu- 
rate resource accounting for the government 
sector requires estimating a value for the 
undiscovered reserves on government land. 
This need only be done for a base year; the 
perpetual inventory method may then be ap- 
plied to calculate other years.’4 For the 


°* Capital gains are in current dollars; they occur even 
when the prices increase as predicted. We consider 
alternative price increase assumptions below. 

10A1 of these distortions occur in the accounts of any 
landowner if only proven reserves are taken into con- 
sideration. The earlier studies, discussed in the previous 
section, were concerned with valuing the assets and 


depletion of a producer; they were not concerned as ` 


much with the landowner from whom the lease was 
obtained. In this paper, of course, the government is the 
focus; however, in the United States, the government 
generally is not a producer of minerals. 

UThis does not take into account changes in the 
estimated recoverable undiscovered reserves. These 
would be paper gains and losses. We examine alternative 
estimates of undiscovered resources below. 
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base-year calculation, we use U.S. Depart- 
ment of the Interior estimates for the ex- 
pected undiscovered reserves for onshore and 
offshore federal land.!* To value the royalties 
on these undiscovered reserves, an assump- 
tion regarding future prices needs to be made. 
We choose the strong and convenient as- 
sumption that future prices are expected to 
increase at the rate of interest. This as- 
sumption means that the time path of 
production is irrelevant; all production pat- 
terns yield the same present value of royal- 
ties. Such time independence is especially 
useful for undiscovered reserves, since there 
is a substantial and uncertain time until the 
resource will be extracted. The assumption 
can be justified by noting that the Long-Term 
Pricing Committee of the Organization of 
Petroleum Exporting Countries (OPEC) has 
recommended a 3 percent real annual in- 
crease in oil prices that, given its low cost of 
production, would be close to that suggested 
by economic theory. The average annual rise 
in real oil prices received by U.S. producers 
was 3.5 percent over the period 1950-82." 
This assumption implies that the value of 
future royalties on both undiscovered and 
proven reserves on federal land is the royalty 
rate times the quantity of reserves times the 
current price for the relevant resource. Thus, 


(2) PVR,= XP, x (rf x RY +r? x RK), 


where k indexes the mineral, f indexes 
offshore reserves, o indexes onshore reserves, 
R is the quantity of reserves, and r is the 
relevant royalty rate.!° 


2The estimates of offshore undiscovered reserves 
were obtained from the Federal Offshore Statistics 
(1983). The corresponding onshore estimates were ob- 
tained by personal correspondence with D. Zimmerman 
of the Department of Interior. We discuss the methods 
used by the department below. 

13 We consider alternative assumptions later. 

14 Calculated using price data from the American 
Petroleum Institute (1984). 

15 The royalty rate is assumed to be 12.5 percent for 
onshore federal land and 16.67 percent for offshore 
reserves in the case of oil and natural gas. It is calcu- 
lated using the ratio of minerals produced to royalty 
payment received from U.S. Department of the Interior, 
Mineral Revenues (1983). This source also permits the 
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Similarly, 


(3) PVR, =E P, X(r/ XR 4+ rex RE). 
k 


The present value of future bonus pay- 
ments on unleased land also needs to be 
included to obtain the base-year estimate for 
the value of federal mineral rights. To do 
this, we first find the present value of bonuses 
paid to the federal government over the 
period 1954-7916 We divide this by the 
present value of royalties paid over the period 
1956-81. The difference in the periods 
covered is designed to account for discovery 
and production lags. We assume that the 
present value of future bonuses on undis- 
covered resources will be the same fraction 
of estimated future royalties on these undis- 
covered resources as occurred in this period.!’ 

Thus, we assume, 


PVBigs4_79 PVB 
PVR, + PVRS, PVR,’ 





(4) 


where PVBi33!_,4.=1981 present value of 
bonuses paid to the government on leased 
land from 1954 to 1979, in 1981 prices, and 
PVR}281_., =1981 present value of royalties 
paid to the government from 1956 to 1981, 
in 1981 prices. 

Since PVR, and PVR,, are calculated as 
in (2) and (3) above, we only need to convert 
bonuses and royalties actually paid in the 
period to present value dollars. To do this, 
we assume an annual real rate of discount of 
2 percent and compute 


(5) 


1981 kk h (981-7) Qiog 
PVBy954-79 ar È B,(1.02) a Q,’ 
t =1954 T 


calculation of royalty rates for other minerals. If the 
federal government is forced to share royalties with the 
states, the value of the mineral rights developed later 
would be divided with them. 

3f See Mineral Revenues {Tables 10 and 13). 

7Changes in development lags would not substan- 
tially alter the results. The assumption that the ratio of 
bonuses to royalties remained constant seems reason- 
able given that real prices are expected to increase; it 
is not founded in any particular model. 


e 
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where B, = bonuses paid to the government 

for year 7, Qiggı = GNP deflator for 1981, 

and Q, = GNP deflator for year r. 
Similarly, 


(6) PVR Ss6-21 


1981 Q 
3 X R (1 + 0.2) -7), 1981 
T =1956 Q, 


where R, = royalties received by the govern- 
ment in year T. ` 


C. Estimates of the Value of Federal Oil 
and Gas Mineral Rights 


Our estimates for the value of federal- oil 
and gas mineral rights in 1981 are presented 
in Table 1. Two striking facts are apparent. 
First, the present value of bonuses from 
offshore mineral leases far exceeds the corre- 
sponding figure for onshore leases. The rea- 
son for this-is that offshore bonuses were 
much greater than onshore bonuses in the 
period 1954 to 1979. For example, since 1971, 
offshore bonuses have annually exceeded 
$1 billion whereas onshore bonuses did not 
reach $20 million (see Mineral Revenues). 
This difference is reflected in our estimate of 
the present value of bonuses through equa- 
tion (4). 

Second, the present value of future royal- 


TABLE 1—CALCULATION OF THE 1981 VALUE 
OF FEDERAL MINERAL RIGHTS FOR OIL 
AND NATURAL GAS (9g; ) 


(Billions of 1981 Dollars) 
Component Total Onshore Offshore 
PVB 221.1 0.97 220.1 
PVR, 88.4 34.5 53.9 
PVR, 509.8 111.0° 398.8 
total: Vigg ° 819.3 146.4 672.8 


*This figure is calculated assuming that the future 
ratio of onshore and offshore bonuses will remain the 
same as in the historical period. 

>This figure is derived assuming that the ratio of 
offshore undiscovered gas reserves in Alaska is the same 
as in the 48 states. 

°The present value of bonuses for the period 1954-79 
for offshore and onshore were $50.9 and $0.2 billion, 
respectively. The corresponding figures for the value of 
royalties for the period 1956-81 were $20.81 and $8.70 
billion, respectively. 
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TABLE 2— VALUE OF FEDERAL OIL AND NATURAL GAS RIGHTS 
AND CHANGES IN VALUE, 1954-82 
(Billions of Current Dollars) 
Value Change 

Year Total* Oil Gas in Value 
1954 80.6 62.3 18.3 - 
1955 80.8 62.0 18.8 0.2 
1956 81.9 62.4 19.5 11 
1957 89.4 69.0 20.4 7.5 
1958 88.7 67.2 “21.5 —1.7 
1959 87.8 64.6 - 23.2 ~0.9 
1960° 90.0 63.9 25.1 2.2 
1961 91.1 64.0 27.1 11 
1962 91.3 63.7 27.6 0.2 
1963 91.5 63.4 28.1 0.2 
1964 90.4 63.0 27.4 ~11 
1965 90.1 62.4 27.7 ~0.3 
1966 90.2 62.5 27.7 0.1 
1967 90.9 62.8 28.1 0.7 
1968 90.4 62.1 28.3 —0.5 
1969 93.6 64.9 28.7 3.2 
1970 94.9 65.9 28.7 3.2 
1971 100.6 69.8 - 30.8 5.7 

.1972 101.5 67.9 30.6 0.9 
1973 109.9 75.4 34.5 8.4 
1974 176.0 129.2 46.8 66.1 
1975 210.8 142.9 67.9 34.8 
1976 238.0 150.5 &7.5 27.2 
1977 273.9 155.8 118.1 35.9 
1978 295.7 161.7 134.0 21.8 
1979 389.5 222.8 166.7 93.8 
1980 598.3 376.4 221.9 208.8 
1981 819.3 547.1 72.2 221.0 
1982 817.2 486.8 330.4 -2.1 


"We have assumed that the present values of gas and oil bonuses are proportional to the 
present values of gas and oil royalties on undiscovered reserves; i.e, PVB®8/PVB = 


PVRÆS/ PVR“. 


ties from economically recoverable undis- 
covered reserves similarly dominates the cor- 
. responding figure for proven reserves. The 
explanation for this is straightforward: esti- 
mates of undiscovered resources are much 
larger than currently proven reserves. 

The detailed time-séries of the total value 
of federal oil and gas mineral rights from 
1954 to 1982, presented in Table 2, are ex- 
tremely interesting. The aggregate series be- 
gan a very rapid growth in 1974, and jumped 
again in 1979-80. The current value of over 
$800 billion is the single largest asset in the 
complete balance sheet of the federal govern- 
ment. It is substantially larger than the value 
of federal land. In fact, it is approximately 
the combined value of ail federal tangible 
assets or all federal financial assets (see 
Eisner and Pieper). Prior to 1974, the total 


series was quite stable in nominal: dollars, 
and therefore it exhibited a slight downward 
decline in real terms. While the dollar value 
has increased sharply recently, even prior to 
the increases in energy prices the value for 
oil and gas were substantial. For example, in 
1971 the value was $100 billion (in 1971 
dollars) which was much more than the value 
of federal land. It also was twice as large as 
the value of federal government gold hold- 
ings. 

The relative value of oil and gas in the 
total has changed somewhat over the period. 
While oil is still the largest component, the 
share of oil has fallen from over three-fourths 
in the late 1950’s, to two-thirds or less in the 
last few years. While oil typically receives 
more attention than natural gas, these figures 
reveal the importance of natural gas. 
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TABLE 3—-COMPONENTS OF THE CHANGE IN VALUE OF FEDERAL OIL 
i AND GaS RIGHTS, 1954-82 
(Billions of Current Dollars) 
Components 
Year Change in Value Revaluations Bonuses Royalties 
1954 - - 0.1 0.0 
1955 0.2 0.3 0.1 0.1 
1956 11 1.2 0.0 0.1 
1957 7.5 7.6 0.0 0.1 
1958 -1.7 —1.6 0.0 0.1 
1959 —0.9 —0.7 01 0.1 
1960 2.2 2.6 0.3 0.1 
1961 1.1 1.2 0.0 0.1 
1962 0.2 0.8 0.5 0.1 
1963 0.2 0.4 0.0 0.2 
1964 -11 —0.8 0.1 0.2 
1965 —0.3 —0.1 0.0 0.2 
1966 0.1 0.5 0.2 0.2 
1967 0.7 1.4 0.5 0.2 
1968 —0.5 1.1 1.3 0.3 
1969 3.2 3.6 0.1 0.3 
1970 1.3 2.6 0.9 0.4 
1971 5.7 6.2 01 0.4 
1972 0.9 3.7 2.3 0.5 
1973 8.4 12.0 3.1 0.5 
1974 66.1 71.8 5.0 0.7 
1975 34.8 36.7 1.1 0.8 
1976 27.2 30.3 2.2 0.9 
1977 35.9 38.7 1.6 1.2 
1978 21.8 25.0 1.8 1.4 
1979 93.8 100.8 5.1 1.9 
1980 208.8 215.8 4.2 2.8 
1981 221.0 231.9 6.7 4.2 
1982 —2.1 6.8 4.1 4.8 


Also included in Table 2 is the change in 
value from year to year. These changes tended 
to be small until the total value became large 
subsequent to the substantial increases in 
energy prices in 1973-74. The change in the 
value of these mineral rights in many years 
in the 1970’s and early 1980’s exceeded the 
nominal federal government budget deficit 
(see Boskin, 1982). 

Table 3 breaks the change in the value of 
federal oil and natural gas mineral rights 
through time into three components: reval- 
uation; bonuses; and royalties. While bo- 
nuses and royalties became large in the early. 
1970’s, they are still relatively minor com- 
pared with the enormous revaluations of this 
period. The bulk of the change in the value 
in most years is the revaluation of the rights. 
The revaluations largely reflect the energy 
price shocks, but once the total value of oil 


and gas becomes large, even small price 
changes can lead to large revaluations. It 
should be stressed that revaluations would 
occur even if the price followed the assumed 
pattern of growing at the interest rate. In 
recent years, these revaluations are substan- 
tial relative to the capital gains on assets held 
by the household sector of the United States 
(see Eisner, 1980). 

The figures in Tables 2 and 3 reveal how 
important the value of federal government 
mineral rights can be to measures of national 
wealth, to measures of changes in that wealth, 
to mineral leasing policy, and to sensible 
government budget reporting and policy. The 
total value of these mineral rights is enor- 
mous ($819 billion). To place this in perspec- 
tive, in 1981, this value exceeded the value of 
the privately held national debt ($794 bil- 
lion). Obviously, the value of other minerals 





930 THE AMERICAN ECONOMIC REVIEW DECEMBER 1985 
TABLE 4— PROVEN AND UNPROVEN OIL AND Gas RESERVES (1981) 
(Oil in Billion Barrels /Gas in Trillion Cubic Feet) 
95% Confidence Level? Mean 5% Confidence Level? 
Oil Gas Oil Gas Oil Gas 
Offshore? 
Proven 3.8 41.6 3.8 41.6 3.8 41.6 
Undiscovered, 15.5 82.9 25.5 140.2 39.9 216.25 
Economically f 
recoverable 
Onshore‘ 
Proven 4.6 24.9 4.6 24.9 4:6 24.9 
Undiscovered, 24.3 61.3 41.61 112.1 66.6 170.1 
Economically 
recoverable 


aRatios to mean values for onshore reserves are assumed to be the same on federal 
land as total land. Also, it was assumed that the ratio of unproven offshore and onshore 
reserves in Alaska is the same as in the 48 states. m4 

> Offshore figures are from Tables 53 and 54 of Federal Offshore Statistics, December 


1983. 


Onshore figures were published only through 1980. The updated USGS mean 
figures for 1981, which are somewhat /ower than the published 1980 figures, were kindly 
provided by Dale Zimmerman, U.S. Department of the Interior. 


would add to this total. Clearly, ignoring the 
value of resources in government budgets 
and in national income and wealth accounts 
can be quite misleading. 

The critical estimates of undiscovered eco- 
nomically recoverable resources of conven- 
tional oil and gas on federal land in 1981 
` were made by the U.S. Department of the 
Interior.!® These are presented in Table 4. 
Estimating proven reserves in a field where 
hydrocarbons have been discovered is dif- 
ficult and results in frequent revisions; the 
task of estimating undiscovered recoverable 
resources is much more complex, as the num- 


18The U.S. Geological Survey (USGS) divided the 
U.S. onshore and offshore areas into 137 provinces. 
Individual appraisals were made for each of the pro- 
vinces using geological data and exploration histories as 
the basis for separate subjective assessments by six 
geologists. The subjective assessments of high, modal, 
and low probabilities for undiscovered recoverable re- 
sources of oil and gas are averaged, then aggregated 
probabilistically across provinces to obtain estimates for 
the entire United States. A more complete description of 
the methodology used by the USGS is given in their 
Circular 860 (1981). 


ber of dry holes attests. Using a point es- 
timate, however well-founded in expert 
geological opinion, perhaps suggests more 
certainty than actually exists. We have there- 
fore calculated the value of federal oil and 
gas mineral rights-for 1981 using the high 
(5 percent) and low (95 percent) bounds 
calculated by the U.S. Geological Survey 
(USGS).'° The high estimate is $1134.9 
billion, while the low estimate is $582.1 bil- 
lion. While the range of these estimates is 
clearly large, even the low estimate shows 
that federal oil and gas mineral rights have 
considerable value. Independent studies by 
other groups have come up with different 
ranges for the quantities of undiscovered re- 


The procedure for deriving the high and the low 
figures is as follows. The mean PVR, figures for gas 
and oil are multiplied by the ratio of the corresponding 
5th and 95th fractile figures (separating out the offshore 
and onshore components) from USGS and the PVR! 
and PVR are obtained. Following the methodology 
for calculation of PVB, PVB, and PVB2" are ob- 
tained and the appropriate total values are derived 
according to equation (1). 
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coverable oil and gas in the United States, 
but, at least since 1975, there has been a 
growing consensus, with overlapping ranges 
and point estimates for both oil and gas 
approximately within the range of the USGS 
estimates.”° 

Two additional points should be made 
about undiscovered resources. First, they do 
not stay undiscovered forever. Annual ad- 
ditions to proven offshore reserves were about 
14 percent of the total stock of proven re- 
serves over the period 1977-81 for both oil 
and gas (see Federal Offshore Statistics). Sec- 
ond, estimates of recoverable undiscovered 
resources must properly depend upon prices 
and technology. Technological advances or 
real price increases should lead to upward 
revisions in the estimates of undiscovered 
recoverable resources. 

We also tested the sensitivity of our results 
to alternative assumptions about the rate of 
price increases. Two considerations suggest 
that price may not grow at the rate of inter- 
est. If costs are nontrivial (as on the outer 
continental shelf), the scarcity rent, rather 
than price, should grow at the rate of inter- 
est. If the relevant costs at the margin are 
those of major OPEC producers, say Saudi 
Arabia, costs are indeed trivial, but if mo- 
nopoly power is continuously exercised, 
marginal revenue, not price, will grow at 
the rate of interest. While we believe that 
for long-run considerations, the competitive, 
trivial costs result may be most appropriate, 
we present below estimates of the relative 
value of mineral rights if price grows less 
rapidly than the interest rate. 

The net present value of proven (R,) and 
undiscovered (U,) reserves at ¢ are given by 


(T) NPVR,=R,P,¥: (1— y)(ydq)' 


i= 


(1- y) 
BUNTE aa? 


20See USGS for a survey of other studies. 
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($) NPVU,=U,P, 2 (1- ¢)(edg)’ 


j=0 


È 0-3) 


_ U,P,(1— y- c) 
~ (1-cdq)(1- ydą)’ 


where R, = proved reserves at ¢; U,= 
undiscovered (economically recoverable at 
current cost) reserves at t; (1— y) = fraction 
of R, produced during t (assumed constant); 
(1— c) = fraction of U, converted to R, dur- 
ing ¢ (assumed constant); P,= real price per 
unit at date ¢; t= valuation date; d= 
discount factor =1/1+r, where r is real 
interest rate; and g = price growth factor. 

Some sample calculations indicate the 
potential difference under alternative price 
path assumptions when price grows at less 
than the interest rate. Calculations assume 
r=0.03; y=0.10; c=0.03. For example, 
the present value of royalties with a price 
increase two-thirds of the assumed real inter- 
est rate is $470 billion in 1981 as opposed to 
our estimate of $598 billion. The present 
value of bonuses likewise would be some- 
what smaller. Our point, however, that the 
value of federal mineral rights is large rela- 
tive to other federal assets and liabilities 
remains unaltered. Further, virtually all of 
our other assumptions tend to bias the esti- 
mated value downward. (See Table 5.) 


II. The Value of Federal Land 


A. Previous Studies of the Value 
of Federal Land 


A time-series for the value of federal land 
in the postwar period (1945-81) is provided 
by the estimates of Goldsmith (1962), and 
the follow-up studies by Milgram and by 
Eisner and Pieper. These studies, as well as 
the current one, demonstrate how successive 
refinements of basic data often hang from a 
very slender thread. 

Goldsmith bases his postwar time-series 
on an estimate of the value of government 
land on December 31, 1946 in the study by 
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‘TABLE 5—RATIO OF VALUE FOR Q< R 


Assumed Rate of Real 
Price Increase* NPVR NPVU 
1.0 0.851 0.552 
1.5 0.884 0.680 
2.0 0.920 0.761 
2.5 0.958 0.864 
3.0 1.000 1.000 


a Percent per annum. 


J. E. Reeve et al. (1950). The land value 
estimate of the Reeve et al. study has two 
main components: military and nonmilitary 
government land. These estimates are as fol- 
lows: land, nonmilitary: $4.93 billion; and 
land, military: (a) market value, $1.07 bil- 
lion; (b) replacement value, $2.13 billion. 

The estimate for nonmilitary land is based 
upon its original acquisition costs, with (cas- 
ually justified) adjustments to reflect 1946 
market values. Separate adjustments were 
made for each of five categories of land. For 
most categories, Reeve et al. do not cite any 
source as the basis for the adjustment factors 
employed. 

For military land, Goldsmith chooses 
Reeve et. al.’s replacement value figure, which 
is an estimate of the cost to the military 
to replace its holdings with comparable 
land. For nonmilitary government land, 
Goldsmith’s extension (1962) of the Reeve 
et al. estimates from 1946 through 1958 is 
based upon two price indices: forest land: 
Reeve et al.’s value for forest land in 1946 
multiplied by “index of stumpage prices in 
national forests” (p. 380), and other civilian 
land: value for 1946 (Reeve et al.’s total 
minus forest land) multiplied by “index of 
grazing land prices in western states” (p. 
380). Goldsmith describes his extension for 
military land as a “rough estimate” (p. 380). 

Milgram estimates the value of govern- 
ment land over the period 1952 to 1968. Her 
series is based upon Goldsmith’s estimate for 
1956. Values for 1952-55 and 1957-68 are 
extrapolated using the following methodol- 
ogy. Increments to the stock of government 
land are derived from the change in the 
General Services Administration’s (GSA’s) 
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annual estimates of the value of government 
land, from the change in acreage of govern- 
ment urban land and rural land, and from 
price series developed by Milgram for rural, 
nonmetropolitan, and urban land. 

Milgram derives an independent estimate 
of the value of rural government land in 
1956, using rural government acreage and a 
price for rural public land. The price is based 
primarily upon an estimate of the market 
value of the public domain managed by the 
Bureau of Land Management (BLM). The 
value of urban government land in 1956 is 
determined as the difference cf Goldsmith’s 
1956 estimate for total federal land, and her 
tural land value estimate. 

Increments to the rural land stock are 
determined by the value of the change in 
government owned rural acreage, using the 
rural public land series. Increments to the 
urban land stock are estimated by subtract- 
ing the incremental rural estimates from the 
change in the annual GSA estimate of the 
value of total government land. The yearly 
stock estimates are computed by adding these 
increments to the previous year’s stock, after 
the rural component for the prior year has 
been adjusted by a price index for non- 
metropolitan land, and the urban component 
for the prior year has been adjusted by an 
urban price index. 

Eisner and Pieper estimate the value of 
federal land in 1980 as $119.5 billion. They 
use Milgram’s 1968 figure as a base and 
assume that annual net investment in land is 
zero. They infer the change in the market 


TABLE 6— VALUE OF FEDERAL LAND IN 
BILLIONS OF (CURRENT) DOLLARS 


Year Value Source* 
1946 7.0 G 
1951 13.4 G 
1956 13.4 G,M 
1961 20.6 M 
1966 29.5 M 
1971 37.6 E-P 
1976 73.3 E-P 
1980 119.5 E-P 


aG = Goldsmith; M = Milgram; aad E-P = Eisner 
and Pieper. 





VOL. 75 NO. 5 BOSKIN ET AL.: FEDERAL MINERAL RIGHTS AND LAND 933 
TABLE 7— VALUE OF FEDERAL LAND IN BILLIONS OF (CURRENT) DOLLARS 
New Extenced Estimates Fisner-Pieper 
Total Uran - Rural Estimates 
1969 37.3 21.9 15.5 34.9 
1970 44.8 29.0 15.8 36.4 
1971 538 > 35.2 17.6 37.6 
1972 63.4 44.3 19.1 42.6 
1973 72.8 B.1 19.7 50.4 
1974 76.5 O39 26.6 57.3 
1975 80.4 2.9 27.5 63.6 
1976 90.5 57.9 326 . 73.3 
1977 105.5 €7.6 37.9 82.2 
1978 120.3 7.1 45.5 96.9 
1979 137.5 &.5 51.0 110.4 
1980 174.4 118.3 56.1 119.5 ` 
1981 175.1 112.4 62.7 128.0° 


“Updated using Eisner and Pieper’s methodology. 


value of government land from the Federal 
Reserve Board’s estimate of the market value 
of private land, and from the ratio of Mil- 
gram’s 1968 estimate to the 1968 Federal 
Reserve Board’s estimate for private land. 
Thus, 


GL, = PL, F,:(GL, Mgg/PL, Fa), 


where GL, is the market value of government 
land at ż, PL, F, is the Federal Reserve 
Board’s estimate of the market value of 
private land in year £, and GL, Mg, is Mil- 
gram’s estimate of the market value of federal 
land in 1968. Table 6 reproduces the esti- 
mates of these authors for selected years. _ 

Eisner and Pieper’s estimates for the value 
of federal land are consistent with recent 
work by Goldsmith (1982) on the national 
balance sheet. Milgram’s study provides 
estimates of the value of land over all sec- 
tors, 1952-68. Goldsmith extrapolates these 
estimates to 1975, arriving at a figure for the 
aggregate value of land of $1551 billion. 
He estimates the share of federal land at 4 
‘percent, which would give an estimate of 
$62 billion for the value of federal land in 
1975, compared with Eisner and Pieper’s 
$63.6 billion.” 


7 Based on Goldsmith’s estimates of total national 
assets in 1980 of $21,645 billion (1982, Table 89, p. 200), 


B. New Estimates of the Value 
of Federal Land 


. We have extended Milgram’s estimates of 
the value of federal land to the period 
1969-81, using a variant of her methodology 
as described in the Appendix. In Table 7, 
these estimates can be compared with Eisner’s 
extension of the Goldsmith/Milgram esti- 
mates. 

We estimate the value of federal land to be 
$175 billion in 1981, composed of $112 
billion urban land and $63 billion rural land. 
Our new estimates substantially exceed those 
of Eisner and Pieper. The total is larger in 
every year, and the rate of growth is signifi- 
cantly higher. f 

Our estimates are higher because we take 
into account the change in the composition 
of federal land holdings. Eisner and Pieper 


we can derive his estimate of the value of federal 
government land in that year. According to Goldsmith, 
land values constituted 13.7 percent of total national 
assets. Assuming that the federal government still holds 
4 percent of total land values, the value, of federal 
government land in 1980 would be $118.6 billion. This is 
again roughly the same magnitude as Eisner and Pieper’s 
corresponding estimate of $124.9 billion and far smaller 
than our estimate of $174.4 billion. Goldsmith’s esti- 
mates suggest that he, like Eisner and Pieper, does not 
take into account the substantial change in composition 
of federal government land. 
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TABLE 8— COMPOSITION OF FEDERAL LAND HOLDINGS SELECTED YEARS 
(Millions of Acres) 
Year Urban Rural Total 
1968 1406.3 753938.5 755344.8 
1972 2326.8 758349.6 760676.4 
1976 2936.2 759256.2 762192.4 
1980 4768.4 714753.4 719521.6 


do not consider the composition; their exten- 
sion simply indexes the value of government 
land by the change in value of private land 
in the aggregate. While the total acreage held 
by the federal government declined by al- 
most 5 percent between 1968 and 1981, its 
holdings of more valuable urban acreage 
more than tripled. This is shown in Table 8. 

This total value estimate of $175 billion is 
approximately the value of all of the equip- 
ment (such as machines, trucks, typewriters, 
computers, etc.) owned by the federal gov- 
ernment (as estimated by Eisner and Pieper). 
It is far less than the value of federal mineral 
rights as estimated in Section I, Part C. 

It may be tempting simply to add the 
value of federal land to mineral rights. How- 
ever, there are theoretical reasons to suspect 
that at least some of the value of federal 
mineral rights is capitalized into the value of 
the federal land bearing the minerals. In that 
case, it would be necessary to discount the 
value of the land before aggregating the land 
and the mineral rights. Since we are uncer- 
tain of the extent of capitalization, we have 
focused on the disaggregated components 
rather than their sum. 

We have clearly not captured the full value 
of federal onshore mineral rights in our land 
value figures. Our estimate of the value of 
onshore mineral rights in 1981 ($146 billion) 
greatly exceeds the value of federal rural 
land ($63 billion). Furthermore, the method 
of derivation for estimates of federal ru- 
ral land values makes it unlikely that they 
will reflect the underlying mineral values.” 


22 The magnitude of the rural land value estimates is 
largely determined by the average estimated price of the 
public domain managed by the BLM. (See the Appen- 


Clearly, to obtain the total value of land and 
mineral rights, we would have to add some, 
though not all, of the value of federal land to 
our estimate of the value of federal mineral 


rights. 
HI. Summary and Conclusion 


We have presented new and updated 
estimates of the value of federal land and oil 
and gas mineral rights, These estimates are 
$175 billion and $819 billion, respectively, 
by 1981.7 

Our results reveal the increasing impor- 
tance of the value of the federal government’s 
holdings of urban land in the total value of 
federal land over the period from 1968 to 
1981. Over this interval the federal govern- 
ment’s holdings of urban land tripled in 
acreage. 

We estimate the value of federal oil and 
gas mineral rights to be very substantial, 


. particularly following the sharp rise in en- 


ergy prices in 1974 and 1979. In 1981, for 
example, the magnitude exceeds the privately 
held national debt. 

This study is unique, as far as we know, in 
its effort to determine the value of the federal 


dix.) The BLM price estimates do not appear to take 
mineral rights into account. 

B Recently, the Minerals Management Service (MMS) 
(1985) estimated the value of undiscovered offshore oil 
and gas to be $95 billion, one-sixth our estimate. The 
difference is primarily attributable to two sources: 1) 
lower estimates of quantities due to revision of esti- 
mates, leasing, ard discoveries between 1981 and 1986; 
and 2) differences in value per barrel due partly to the 
recent fall in oil prices and partly to MMS assuming 
price growth of 1 percent per year, but real interest rates 
of 8 percent. 


VOL. 75 NO. 5 


government’s mineral rights and in the meth- 
odology used. We exploit information about 
undiscovered reserves and royalty and bonus 
payments to the government. Our methodol- 
ogy can be extended both to other minerals 
and to the private sector. 

There remains room for considerable re- 
search on both the value of government land 
and its mineral rights. A new benchmark 
estimate for the value of federal land in a 
particular year is especially important. A 
more detailed disaggregation of the types of 
federal land holdings and improved and up- 
dated corresponding price information would 
also be helpful. 

Improved: estimates of the size of other 
mineral resources on federal land and esti- 
mates of the relationship between the quan- 
tity of economically recoverable unproven 
reserves of oil and gas and their prices would 
enable us to produce more comprehensive 
measures of wealth. 

Finally, let us reemphasize the potential 
importance of estimates such as ours to 
sensible government budgetary decisions. 
These include land management policy, gen- 
eral cost-benefit analysis incorporating prop- 
er measures of the opportunity cost of re- 
sources, and perhaps even, in some contexts, 
fiscal policy. 


APPENDIX 


Milgram’s time-series estimates, z.,, for 
the period 1952-68 rely on Goldsmith’s 
estimate of the value of federal land (1962, p- 
188). She uses the following price indexes: 

A nonmetropolitan price index, JR;. 
based upon the value of farmland per acre, 
as estimated by the U.S. Department of 
Agriculture. 

An urban price index, JU,, based upon 
three component indexes: FHA site prices. 
of residential land values in Los Angeles and 
Philadelphia. 

Average price per acre of rural land helé 
by the federal government, PR,. This is < 
weighted average of two indexes: the value 
of the public domain in the jurisdiction of 
the Bureau of Land Management (BLM) (9G 
percent), and the value of farmland per acre 
(10 percent). 
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She uses three additional statistics from 
the BLM: 

An estimate of the value of government 
land, LC,. 

Acreage held by the federal government, 
broken down as rural = AR, and urban AU. 

The statistics of the BLM appear in 
Summary Report of Real Property Owned by 
the United States Throughout the World, 
General Services Administration. 

Milgram computes three series: value of 
rural land = MR, value of urban land = 
MU; total value of federal government land 
= MA,. 

An algebraic expression of Milgram’s pro- 
cedure is 


MA,= MR, + MU, 


MR = (PR 55-AR 56) 


IR, 
MR,= MR,_ : TR + PR AAR, 
t- 


IU, 
MU, = MU, v a7 +ALC,— PR,-AR,, 


t-1 


where ALC, = LC, — LG- 

Comments: 1) Milgram’s estimates for 
1952-55 and 1967-68 are extrapolations of 
the series determined by the method above. 
2) PR, could not be determined for our 
extension from Milgram’s sources. Our ex- 


tension from 1969 on uses the published 


farmland series, but a series on the value of 
the public domain was not available from 
the BLM. Therefore, the public domain com- 
ponent of the weighted average is based on 
an extrapolation of the value of the public 
domain in 1968. The growth rate for each 
subsequent year was assumed to equal the 
average annual growth rate of farmland over 
the period 1969-81. 


REFERENCES 


Boskin, Michael J., “Federal Government De- 
ficits: Myths and Realities,” American 
Economic Review Proceedings, May 1982, 
72, 296-303. 


936 ; l THE AMERICAN ECONOMIC REVIEW 


Eisner, Robert, “Capital Gains and Income: 
Real Changes in the Value of Capital in 
the United States, 1946-1977,” in Dan 
Usher ed., The Measurement of Capital, 
Chicago: University of Chicago Press, 
1980, 175-346. 

____... and Pieper, Paul J., “A New View of 
the Federal Debt and Budget Deficits,” 
American Economic Review, March 1984, 
74, 11-29, 

Goldsmith, Raymond W., The National Wealth 
of the United States in the Postwar Peri- 
od, Princeton: Princeton University Press, 
1962. 

» The National Balance Sheet of the 
United States, 1953-1980, Chicago: Uni- 
versity of Chicago Press, 1982. 

Landefeld, J. Steven and Hines, James R., “ Val- 
uing Nonrenewable Natural Resources: 
The Mining Industries,” in Measuring 
Nonmarket Economic Activity, Working 
Paper 2, Bureau of Economic Analysis, 
U.S. Department of Commerce, 1982. 

Milgram, Grace, “Estimates of the Value of 
Land in the United States Held by Vari- 
ous Sectors of the Economy, Annually, 
1952 to 1968,” (Appendix II) in Raymond 
Goldsmith, ed., Institutional Investors and 
Corporate Stock, New York: Columbia 
University Press, 1973. 

Reeve, J. E. et al., “Government Component 
in the National Wealth,” in Studies in 
Income and Wealth, No. 12, New York: 
National Bureau of Economic Research, 
1950. 

Soladay, John J., “Measurement of Income 
and Product in the Oil and Gas Mining 





DECEMBER 1985 


Industries,” in Dan Usher, ed., The Mea- 
surement of Capital, Chicago: University 
of Chicago Press, 1980. 

American Petroleum Institute, Basic Petroleum 
Data Book, Petroleum Industry Statistics, 
Vol. 4, No. 1, Washington, 1984. 

Financial Accounting Standards Board, State- 
ment of Financial Accounting Standards No. 
39: Financial Reporting and Changing 
Prices: Specialized Assets Mining and Oil 
and Gas, Stamford: Financial Accounting 
Standards Board, October 1980. 

United Nations Economic and Social Council, 
Statistical Office, Future Directions for Work 
on the System of National Accounts, New 
York, 1979. 

, Future Directions for Work on the 
System of National Accounts, New York, 
_ 1980. 

U.S. Council of Economic Advisors, Econom- 
ic Report of the President, Washington: 
USGPO, 1984. 

U.S. Department of the Interior, Minerals Man- . 
agement Service, Federal Offshore Statistics, 
December 1983. 

______, Mineral Revenues, December 1983. 

, “Five-Year Leasing Program for the 
Outer-Continental Shelf, 1986-90,” Ap- 
pendix F, 1985. 

U.S. Geological Survey, Estimates of Un- 
discovered Recoverable Conventional Re- 
sources of Oil and Gas in the United States; 
Circular 860, Washington, 1981. 

U.S. Securities and Exchange Commission, “Oil 
and Gas Producers’ Supplemental Dis- 
closures,” Federal Register: Rules Regu- 
lations, 1979. 





The Simple Macroeconomics of Profit Sharing 


By MARTIN L. WEITZMAN* 


This paper is in the spirit of the “tem- 
porary equilibrium” approach to macroeco- 
nomics. It basically extends that framework 
to cover a profit-sharing system and then 
compares the macroeconomic characteristics 
with those of the more familiar wage system. 
A first, preliminary step is to demonstrate 
how a microeconomic model of monopolistic 
competition can be built up into a junior 
member of the Keynesian macro family. The 
methodology is to create from first principles 
—including a careful formulation of a mo- 
nopolistically competitive product market 
structure—a natural underpinning for the 
standard aggregate demand specification.! 

The primary goal of the paper is to ap- 
ply the integrated monopolistic-competition- 
Keynesian-type apparatus described above 
to investigate the macroeconomic properties 
of a profit-sharing economy. The existence of 
a consistent general framework covering both 


*Department of Economics, MIT, Cambridge, MA 
02139. I am indebted to Robert Solow for his detailed, 
useful comments on an earlier draft, to James Meade 
and Hal Varian for their helpful suggestions, and I 
thank an anonymous referee for critical comments. They 
should not be saddled with opinions or errors of the 
paper. The research was supported by a grant from the 
National Science Foundation. 

1This may be a useful exercise by itself because, in 
my opinion, any macroeconomic framework is mislead- 
ing without an underlying model of the firm based upon 
imperfect competition. For an elaboration of this view, 
see my 1982 and 1985 papers, Robert Solow (1985), or 
James Meade (1984). While some contributors to the 
important market disequilibrium school have attempted 
to cope with imperfect competition in the product 
market, I think it is fair to say that the issue has not 
been addressed directly and developed from first princi- 
ples in the spirit of the present paper—using the “ac- 
tual,” rather than “perceived” or “conjectural,” demand 
curves. For an admirable survey of the temporary fixed 
price approach, see Jean-Pascal Benassy (1982) and the 
references cited there. Aside from the emphasis on 
dealing with monopolistic competition from first princi- 
ples, the rest of this paper’s framework is similar to 
what is adopted in much of the fixed-price literature, 
although that approach, so far as I know, has never been 
used to analyze profit sharing. 
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cases invites meaningful comparisons that 
indicate clearly why an economy based on 
profit-sharing principles possesses natural im- 
munity to stagflation. By contrast, the wage 
economy—a system we have largely accepted 
without critically examining its macroeco- 
nomic consequences—is more prone to suffer 
from unemployment and inflation. The policy 
implications for aggregate demand manage- 
ment in wage and share systems are analyzed 
and contrasted. 

In writing this paper, my philosophy has 
been to not shirk from using those reason- 
able parameterizations and functional forms 
which yield nice crisp results and permit me 
to focus sharply on the essential logic of 
basic issues. It is certainly possible to present 
the main results in a somewhat more general 
formulation (as the astute reader will appre- 
ciate), but, I fear, only at some cost of dis- 
tracting attention from those central features 
I wish to highlight. 


I. The Demand Side 


The stylized economy under consideration 
consists of three types of representative 
agents. The first type of agent is a producer 
or firm. There are n firms, each of which 
produces a different good, indexed i= 
1,2,...,m, where n is taken to be a given 
large number.” A second class of agents is 
the households, of which there are a gigantic 
number, indexed h =1,2,..., H, where H > 
n> 0. An autonomous government sector, 
the third agent, makes purchases, taxes 
households, and has an exclusive franchise 
on the creation of money. 


2 Behind the fixed number of firms are suppressed or 
suspended some interesting and important issues re- 
garding barriers to entry or exit, economies of scale, 
sunk costs, irreversible investments, and the like. Some 
hint of what might be appropriate to a longer-run 
analysis is contained in the already cited articles by 
myself (1982) and by Solow. 
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There are three categories. of commodities 
in the prototype economy. The first category 
consists of the n goods produced by the n 
firms. Goods are considered to be highly 
perishable, so that inventories are negligible 
and sales are always very nearly equal to 
production. Labor, the second category, is a 
homogeneous commodity inelastically sup- 
plied by the households. Money, the third 
kind of commodity, is storable, not produc- 
ible by private agents, and can be costlessly 
created by the government. Money serves as 
the exclusive unit of account, medium of 
exchange, and store of value in the economy. 

The production of good i, denoted Y,, and 
its price, P,, are of course chosen by firm i. 
The eventual analysis of that choice will con- 
stitute an ultimate aim of the paper. But, for 
the time being, suppose that prices are viewed 
parametrically by buyers, who act as if they 
can purchase as much as they want of any 
good at the prevailing prices { P,}. As might 
be expected under monopolistic competition, 
it turns out, that prices will always be chosen 
by firms so customers can buy as much as 
they want, and in that sense the product 
market always clears.’ 

_ Households obtain utility from consuming 
goods and holding money balances. The util- 
‘ity of money is indirect; it serves as a proxy 
for the value of future consumption goods 
that can be purchased when money is carried 
over into later periods. For simplicity, each 
household is postulated to have the same 
utility function. When a household consumes 
goods {C,} and holds money balances M, it 
obtains utility according to the expression:* 


(1) U({C,;}, M/P) 
r-17g] EE-D)? { M m 
-za vej FM J (= : 


3Indeed, I consider it a deep-seated characteristic of 
capitalism that the product market is practically always 
in a state of excess supply. See my 1984 book, ch, 3. 

4Money in the utility function (1) serves as a link 
between the present and an uncertain future, with @ 
parameterizing the desire to consume now, There is an 
implicit presumption that the future can be collapsed 
into a dynamic-programming state-evaluation function 
like (1). On this point, see Benassy (pp. 87-88) or 
Jean-Michel Grandmont (1983, pp. 17-32). 
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The aggregate price level P in the above 


expression is defined by the formula: 


(2) P= (Deen), 


which is the appropriate goods price index, 
from duality theory, to use for the postulated 
utility function (1).° 

Formula (1) is a compound Cobb- -Douglas 
utility function (with parameter 6, 0 < 0 <1), 
whose two arguments are money ‘and a CES 
composite subutility function of goods. The 
elasticity of substitution between money and 
the composite good is unity, whereas the 
elasticity of substitution among the n goods 
is E >1. 

With a current budget of B*, household h 
confronts the problem 


(3) max U({C,}, iP) 
subject to 
(4) LPC, +1-M= RB}. 


For a modified Cobb-Douglas utility func- 
tion of the form (1), the soluticn to the above 
problem is 


(5) M" = (1-6)B*, 
(6) Ch=(P./P)~"OB*/nP. 


The total amount of good i consumed in 
the economy is 


(7) aara 
h 


and aggregate consumption C may be con- ` 
sistently defined as 


(8) C= DPC /P. 


5See, for example, Hal Varian (1984) or Avinash 
Dixit and Joseph Stiglitz (1977). 
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The following relations then hold: 


(9) C=6B/P 

(10) M=(1-6)B 

(11) M+PC=B 

(12) C,=(P,/P) "c/n 
where 

(13) B=% B* 

(14) M=} M". 


Total government real spending on goods, 
denoted A, is treated as autonomously de- 
termined. The government’s tradeoff among 
goods is considered, for convenience, to be 
the same as the household’s, given by the 
utility function: 


(15) V({4,}) = (Layee) 


The government maximizes (15) subject to 
the budget constraint 


E/(E—1) 


(16) $ P,A,; = PA 
which yields the solution 
(17) A,=(P,/P) "Ayn. 


Aggregate demand for good i by the con- 
sumers and the government is 


(18) Y,=C,+ 4, 

With aggregate real output defined as 
(19) Y= DPY,/P, 
definition (18) yields 
(20) Y=C+A 
(from combining with (8) and (16)), and 
(21) Y, = (P,/P) "Y/n 
(from combining with (12) and (17). 
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The government collects the fraction s of 
each household’s current income as taxes. 
National income is PY, all of which is dis- 
tributed to households as wages plus profits. 
Aggregate disposable income is therefore 


(22) PY, =(1-s)PY 
and the total budget of all households is 
(23) B=(1-s)PY+M 


where M represents the aggregate stock of 
money initially held by all households at the 
beginning of the period under consideration. 

It follows directly from (23), (11), and 
(20) that 


(24) PA—sPY=M-M, 


that is, the government finances its deficits 
by inducing households to hold more money. 
Using (9) and (23) to eliminate B gives 


(25) C=6(1—s)¥+6(M/P) 


which is the relevant aggregate consumption 

function for the economy, with 6(1—s) the 

marginal propensity to spend out of income. 
Combining (20) with (25) yields 


(26) 

where 
(27) a=1/(1-0(1—s)) 
(28) B=8/(1—-6(1—s)) 


are the relevant fiscal and monetary multi- 
pliers. ; 

Equation (26) can be interpreted as a re- 
duced-form Keynesian-type macroeconomic 
relation. Strictly speaking, monetary policy 
(as that term is usually understood) does not 
have an independent role to play in the 
current formulation because no distinction is . 
being made between monetary and other 
financial assets or operations. But I feel that 
a simplistic association of M with the “stock 
of money” (and of open market operations 
with “money rain”), conveys the spirit of 


Y=a4+(M/P) 
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what a more sophisticated analysis might 
prove rigorously. Although I have found 
it valuable to think in terms of an inte- 
grated micro-macro framework developed 
from what I view as first principles, it is 
possible to treat (26) simply as a behavioral 
relationship having the traditional IS-LM 
interpretation. 

Condition (26) is the fundamental macro- 
economic equation of the paper, summariz- 
ing all relevant information about aggregate 
demand given only that buyers are able to 
purchase whatever goods they want at pre- 
vailing prices. 


II. Prices and Production 


It is important to realize that the Keynes- 
ian demand specification (26) typically forms 
an underdetermined system. Given A and M 
(and the parameters a and £), equation (26) 
describes a relation that must hold between 
two macroeconomic variables: Y and P. The 
traditional procedure for making the system 
determinate is to postulate a fixed price level 


(29) 


for the short run.® In this paper I want to 
derive (29) as the profit-maximizing response 
of a large number of monopolistically com- 
petitive firms constrained to pay fixed money 
wages. The same methodology will then be 
applied to the case where the fixed contract 
is of a profit-sharing form, which will yield 
quite different solution properties and mac- 
roeconomic implications from (29). 

Suppose that each of the n different goods 
is produced by the same production technol- 
ogy. Firm i (1<i<n) produces Y, units of 
good i from L; employees according to the 
formula 


(30) ¥(L,)=y(L;-f), 


where y is the marginal productivity of: an 


P=P 


An alternative is to postulate an “aggregate supply 
function” which is, I feel, a dubious macroeconomic 
concept at best, especially for a world where firms are 
price makers in imperfectly competitive product markets. 
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extra worker and f represents a fixed amount 
of overhead labor which must be employed 
to produce any output at all. The production 
function (30) can be viewed as a first-order 
approximation in the relevant operating 
range.’ 

The total amount of labor employed is 
then 


(31) L=YL,. 


If L* represents the total available labor, 
assumed to be inelastically supplied by 
households, then the condition 


(32) 


must be obeyed in the aggregate.® 
In any symmetric situation, aggregate out- 
put must be given by the formula 


L<L* 


(33) Y=y7(L-F), 
where 
(34) FeHnf. 


From (30), then, 


(35) Y<yYy* 
where 
(36) Y*=7(L*— F) 


represents potential aggregate output. 
What follows in this section is an overview 
of the methodology to be followed in analyz- 


7That unit variable costs are roughly constant over 
some range is, I think, a decent enough stylized fact to 
be used as a point of departure for the purposes of this 
paper. 

® The reader who wants to should be able to redo the 
analysis of this paper for the case where labor supply is 
not perfectly inelastic. Nothing of substance changes. In 
long-run equilibrium, wage and profit-sharing systems 
will continue to be identical. In the short run, when pay 
parameters are sticky, a profit-sharing economy effec- 
tively banishes involuntary unemployment, while a wage 
economy may have it, even in the presence of elastically 
supplied labor. The message is essentially the same as 
when labor is perfectly inelastic. 
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ing the short-run price and production deci- 
sions of the firms. Suppose the cost per 
worker of hiring L; workers is W(L;), where 
the average pay function W(-) is exoge- 
nously given in the short run and is identical 
for each firm. The relevant equilibrium con- 
cept is taken to be a symmetric Nash equi- 
librium in prices. Each firm charges an iden- 
tical price, which is the profit-maximizing 
price for it given that all other firms are 
charging that same price. The corresponding 
output and employment decisions are those 
needed to support the profit-maximizing 
Nash equilibrium behavior. 

A short-run macroeconomic equilibrium is 
a price P, aggregate output level Y, and total 
employment L simultaneously satisfying (26), 
(32), (35), and the conditions 


(37) P(¥/n)—W(L/n)-L/n 


= AL { PY,-W(L,)-L,}, 


subject to 

(38) L,< L*-(n-1)L/n 
(39) ¥s¥(L,-f) 
(40) Y,<(P,/P) "Y/n. 


_ It is easy to verify that any solution of the 
* constrained optimization problem (37)-(40) 
will satisfy (39) and (40) with strict equality. 
Since (40) is ultimately derived from con- 
sumer demand conditions, when it holds with 
full equality, buyers are able to purchase 
whatever they want at prevailing prices and, 
hence, in the aggregate (26) must be satisfied. 
So long as n is a large number, each firm i 
is justified in regarding its demand Y,, given 
by (21), as a true function of only its own 
price P, with aggregate variables P and Y 
parametrically fixed beyond its control.’ 


° This statement can be rigorously defended. 
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Ill. Short-Run Equilibrium in a Wage Economy 
with a Parametrically Given Wage 


In the short run, suppose each firm i pays 
labor an exogenously fixed money wage 


(41) W(L, =w 


where w is treated as autonomously given. 

The state of the macroeconomy is de- 
scribed by the basic aggregate demand equa- 
tion (26). The extra degree of freedom in 
(26) between the variables Y and P is de- 
termined by firms’ profit-maximizing Nash 
equilibrium behavior (37)—(40) given the rigid 
wage (41). 

Let 


(42) | p=E/(E-1) 


be the markup coefficient for each firm. The 
coefficient u represents the ratio of average 
revenue (price) to marginal revenue. 

With the production function (30) and the 
labor payment schedule (41), the marginal 
cost of an extra unit of output to firm i is 
w/y. For the demand function (21), margin- 
al revenue at a price of P, is P,/p. Hence, if 
availability of labor were not a binding con- 
straint, each firm i would choose to set a 
price 


(43) P= hw /y 


and the desired or target output of the wage 
system, denoted Y, would then be, from the 
aggregate demand condition (26): . 


(44) ¥ =aA+BMy/pw. 


Define the tautness or tension of the wage 
system as . 


(45) r=Y¥-Y*. 


The variable + measures the difference 
between desired output (what firms would 
like to produce in the aggregate on the given 
wage contract if there were no overall labor 
constraint) and potential output (what the 
system is physically capable of producing). 
Îr > 0] is a region of positive excess demand 
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TABLE 1—SHORT-RUN BEHAVIOR OF MAJOR 
MACROECONOMIC VARIABLES IN A WAGE SYSTEM 





Variable <0 t>0 
M 
Y ee y* 
pw, 
P ey 
pw/Y Yoo 
w(Y*- aA) 
W/P Y/ BM 


for labor, whereas [7 < 0} is a region of nega- 
tive excess demand for labor. 

The unique symmetric Nash equilibrium 
with each firm playing its own price as a 
profit-maximizing strategy given the fixed 
wage (41) depends on the underlying con- 
figuration of parameters. Equilibrium values 
of the major macroeconomic variables are 
shown in Table 1. 

That Table 1 describes the unique sym- 
metric Nash equilibrium of a fixed-wage 
economy should be fairly clear. Condition 
(43) has already been explained for the case 
where the firm can buy as much labor as it 
wants at the fixed wage (41). The corre- 
sponding value of Y in region [r < 0] follows 
immediately from (26). 

In the excess demand for labor region 
[r > 0], aggregate output must be at its maxi- 
mum feasible amount Y*, with the corre- 
sponding value of P determined from (26). 
That such a configuration represents a Nash 
equilibrium in prices is easily verified. Since 
the marginal revenue product of labor ex- 
ceeds the marginal cost of labor when r > 0, 
the firm would like to reduce its price and to 
produce more output, if only it could find 
more labor to hire. With each firm’s output 
level effectively constrained (by (38), (39)) to 
be no more than Y*/n in the case 7 > 0, it is 
unprofitable for a firm to lower price unilat- 
erally, and it certainly is not profitable to 
restrain output further by raising price. (Of 
course, firms could also increase the money 
wage to attract more workers, and will do so 
in the long run, but this has been ruled out 
as short-run behavior by assumption.) 

From Table 1, the macroeconomic proper- 
ties of a fixed-wage economy depend essen- 
tially on whether the system is in a state of 
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positive or negative tension. It is important 
to understand fully the meaning and signifi- 
cance of this dichotomy, because the same 
logic will carry over—albeit with an im- 
portant and unexpected twist—to analyzing 
the short-run behavio- of a profit-sharing 
economy. 

The profit-maximizing response to de- 
mand changes of a monopolistically competi- 
tive firm facing an isoelastic demand curve 
and constant marginal cost is to charge the 
same price and vary production accordingly. 
A Nash equilibrium of such firms with fixed 
money wages satisfying the condition r <0 
yields the familiar fixed-price world of 
Keynesian “underemployment equilibrium.” 

In such a world, prices are basically set by 
producers as a direct markup over wages 
independent of the state of aggregate de- 
mand. From formula (43), the coefficient of 
proportionality between P and w is p/y. So 
it is a fair approximation to treat prices as 
proportional to unit labor costs in underem- 
ployment states of a fixed-wage economy— 
provided there is no systematic tendency for 
the markup coefficient divided by the mar- 
ginal productivity of labor to vary signifi- 
cantly over the business cycle.!° 

A fixed-wage economy in region [r <0] 
exhibits textbook Keynesian behavior in the 
short run. P cannot be directly affected by 
government policy, but Y and L respond via 
the standard Keynesian multipliers to 
changes in A, M, or s. 

By contrast, a fixed-wage economy in the 
region [7 > 0] displays classical or monetarist 
characteristics. Government aggregate de- 
mand management has no influence on real 
output, already at full employment, but di- 
rectly and powerfully influences the price 
level. Monetary policy is strictly neutral, with 


10 Note that the main conclusions come from the near 
constancy of the ratio #/y, not from the separate 
constancies of g and y. The model and its basic implica- 
tions would not be significantly altered if elasticities and 
marginal costs were allowed to vary systematically in 
such a way that the ratio z/y remained unchanged. 
Sidney Weintraub (1981) dzew attention to the im- 
portant empirical regularity of a near-constant average 
markup of prices over unit labor costs. See Weintraub 
and references to other works there cited. 
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prices proportional to M. Expansionary fis- 
cal policy has only an inflationary impact, 
since it crowds out private spending. 

Summing up, then, there is a kind of ab- 
stract symmetry in the short-run behavior of 
a fixed-wage economy. With r <0, govern- 
ment policy is effective at altering real eco- 
nomic activity, but ineffective at changing 
prices. When 7+>0, government policy is 
effective in determining the price level, but 
ineffective at influencing real aggregate vari- 
ables. While the demarcation between the 
two regimes is unlikely to be nearly as clear 
cut in practice as in theory (partly because 
wages are more flexible upward than down- 
ward), I nevertheless feel the distinction is 
conceptually useful. 


IV. Long-Run Equilibrium in a Wage Economy 
with a Competitively Determined Wage 


Consider a longer-run situation where ev- 
erything is as described in the previous sec- 
tion, only now the wage is endogenously 
determined by thoroughgoing competition in 
the labor market. Under competition, each 
firm is free to set its own wage rate, and will 
do so to maximize profits taking as given the 
prevailing level of pay throughout the econ- 
omy. The limiting Nash equilibrium behavior 
(as each firm becomes a negligible buyer of 
labor) yields the full-employment wage at 
which the marginal revenue product of labor 
is everywhere equal to the uniform rate of 
pay and the sum of labor demands just equals 
the supply of labor. Each firm is then of- 
fering an identical wage, which is the 
profit-maximizing wage for it to offer given 
that all other firms are offering that same 
wage. 

I should point out that I view the hypothe- 
sis of a competitive equilibrium wage not as 
a literal description of the state of the labor 
market, but more as an approximation or 
norm which is never actually attained yet 
forms a useful basis for talking about possi- 
ble departures from normalcy. The “com- 
petitive wage” represents a long-term ten- 
dency which, on the one hand, cannot be 
indefinitely thwarted with impunity but, on 
the other hand, is unlikely to hold fully at 
any particular time or place because “other” 
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variables are changing too rapidly and un- 
predictably. 

The long-run competitive equilibrium 
wage, taking all else about the wage system 
as given by last section’s description, is 


(46)  w*=BMy/u(¥*—aA). 


When w = w*, there is no unemployment, 
and the demand for labor just equals the 
supply. Under competitive forces in the labor 
market, then, the wage system gravitates to- 
ward the region [r = 0] of zero tautness which 
just divides the “Keynesian” [r <0] and 
“classical” [7 > 0] regions. 

It follows that an economy whose long- 
term wage tendencies are described by (46) 
will display all of the neutrality and policy- 
ineffectiveness results of classical macroeco- 
nomics—in the long run. For example, 
changes in M will “eventually” generate 
equiproportionate changes in w, and hence 
in P, so that nothing real is altered in the 
economy. 

While some long-run competitive forces 
are pushing a wage economy toward [r = 0], 
they are unlikely to be decisive at any given 
time since the whole system is precariously 
balanced on the output side. The boundary 
region [r= 0] is a very thin set, a razor’s 
edge of measure zero, so it is extremely im- 
probable that a capitalist wage economy 
should remain there for long. In fact the 
realpolitik of wage capitalism, with its less- 
than-perfect labor markets and downward- 
inflexible wages, has the system residing in 
region [rT < 0] most of the time, hopefully not 
too far from the full-employment boundary 
[r = 0]. It seems a fair empirical generaliza- 
tion to say that the relevant region for most 
short-term policy analysis is the Keynesian 
region [7 < 0] where 


(47) 


V. Short-Run Equilibrium in a Profif-Sharing 
Economy with Given Pay Parameters 


w>w*, 


In the short run, suppose each firm i pays 
its workers by the profit-sharing formula 


R(L,)— oL; 
L. > 


L 


(48) W(L,) =o sa 


> 
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where R,(L;) stands for total revenue as a 
function of labor, given the demand function 
(21) and the production function (30). The 
pay parameters w, representing the base 
. wage, and A>O, representing the profit- 
sharing coefficient, are both treated in the 
short run as exogenously fixed. 

The methodology for determining a short- 
run equilibrium in a profit-sharing economy 
is exactly the same as in a wage economy. 
The profit-sharing firm makes its short-run 
pricing, output, and employment decisions to 
maximize profits given the rigid labor pay- 
ment formula (48) and given the prices that 
all of the other firms are charging. The econ- 
omy’s short-run behavior is ‘modeled as 
the Nash equilibrium outcome, (37)-(40), of 
this individualistic profit-maximizing process 
which simultaneously satisfies the basic mac- 
‘roeconomic condition (26). 

The wage bill if L; workers are hired by 
firm i is, from (48), 


(49) W(L;,)-L,= (1- A) oL; +AR,(L;) 


and net profits are 
(50) 


Combining (49) with (50), the net profits 
of firm i can be rewritten in the form 


6D 4(L,;)=(- A(R (L;)— oL,). 


m,(L;) = R,(L,)-W(L,)-L,. 


If unlimited amounts of labor are avail- 
able to be hired on the share contract (48), 
from (51), the firm will choose to hire workers 
to the point where 


(52) Ri(L,) =o. 


But the marginal revenue product of labor 
with demand curve (21) and production 


The above formulation omits intermediate materi- 
als, mostly for the sake of simplicity. While there may 
be some practical problems with profit sharing due to 
the fact that, in the real world, “profits” is a somewhat 
elastic concept, I do not see insurmountable difficulties 
arising here. In any event, treatment of such considera- 
tions (and also bankruptcy, legal issues, leverage effects, 
etc.) is well beyond the scope of the present paper. 
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function (30) is related to price charged, Pi 
by the formula 


(53) Ri(L;) = yP;/p. 


Combining (52) and (53), with unlimited 
supplies of labor available on the pay sched- 
ule (48), each firm i would choose to set its 
price at the level 


(54) P= po/y. 


The corresponding desired or target ag- 
gregate output level of the profit-sharing sys- 
tem with fixed-pay parameters (w,A), de- 
noted Y’, would then be, from (26), 


(55) 


The hypothetical variable Y’ measures what 
firms would like to produce in the aggregate 
on the given pay contract if there were no 
overall labor constraint. 

The tautness of the profit-sharing system is 
then 


Y’=aA+ BMy/po. 


(66) ve Pr 
=aA+ BMy/pw—-Y* 


Note that the degree of tautness varies in- 
versely with w, and that a “pure” sharing 
system not having any base wage would 
possess an infinite demand for labor. 

The unique symmetric Nash equilibrium 
with each firm setting its own price at a 
profit-maximizing value given all other firms’ 
prices, and given the fixed profit-sharing 
pay formula (49), depends on the underlying 
configuration of parameters as shown in 
Table 2. 

The reasoning to explain why Table 2 
describes the unique symmetric Nash equi- 
librium of a profit-sharing eccnomy closely 
parallels the reasoning behind Table 1 and is 
omitted here for the sake of brevity. In both 
cases the key insight is that actual aggregate 
output must be the smaller cf a demand- 
determined target and a siipply-determined 
capacity. The rest follows directly. 

The most immediately striking thing about 
Table 2 is that the first two rows are exactly 
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TABLE 2—SHORT-RUN BEHAVIOR OF MAJOR MACROECONOMIC VARIABLES 
IN A ProriT-SHARING SYSTEM 


VOL. 75 NO. S5 
Variable <0 
M 
Y aAt BMY 
po 
P po/Y 
Y 
W/P a- N +A — 


the same as in Table 1 except for w replacing 
w. The share parameter À does not affect real 
national product or the price level. 

When firms are maximizing a function of 
the form (51), their reactions are not in- 
fluenced by A. So long as spending behavior 
is postulated to depend only on the level of 
aggregate income, and not its distribution, 
the pricing and output decisions of firms in 
any short-run equilibrium of the system must 
be independent of A. The particular case 
A=0 is just the wage economy, which 
accounts for the near-identity between the 
first two rows of Tables 1 and “2. While 
values of A affect the distribution of national 
income, they do not influence its determina- 
tion. Only the value of w, representing to a 
firm the “hard” money cost of taking on an 
extra worker (as opposed to the “soft” cost 
of a share of incremental gross profits), 
influences the overall level of national in- 
come. If workers in a wage economy agree to 
receive 80 percent of their pay in the form of 
base wages and 20 percent in the form of a 
profit-sharing bonus, the effect on national 
product, employment, and prices is “as if” 
wages had been cut by 20 percent while 
aggregate demand was being maintained at 
the same level. 

When a wage economy suffering from 
unemployment converts to a profit-sharing 
formula whose parameters are initially set so 
that each employed worker is at first paid the 
same amount, the change will make ail 
workers better off after adjustment. From 
(48), the real pay in a profit-sharing system is 


(57) W/P =(1—-A)w/P+X(Y/L). 


After conversion from a wage system to an 


y* 


BM/(Y* — aA) 
w(Y*-— ad t 
AETAT a 


(1-A) BM 


“equivalent” profit-sharing system ihitially 
yielding the same pay, the share economy 
expands output and employment while low- 
ering price. (Compare Tables 1 and 2 when 
w < w.) If labor productivity does not behave 
countercyclically (F > 0), from (57) real 
pay must increase.” In addition, new jobs 
have been created, so there are more 
employed workers, each of whom is receiving 
higher real pay. In this sense a move towards 
profit sharing represents an unambiguous 
improvement for the working class. 

Note that the argument applies only when 
all (or almost all) firms of a wage econo- 
my simultaneously convert to profit-sharing 
plans. If one firm alone converts, it will hire 
new workers, but at the expense of driving 
down the pay of its original workers. So 
coordination may be required to induce peo- 
ple to convert to a share system; one possi- 
bility is to have the government reward 
profit-sharing workers, by preferential tax 
treatment of share income, for their part in 
creating the positive externality of a tight 
labor market.? 


Actually, all that is needed is that AY/L not de- 
crease faster than (1— A)w/P increases. 

13] do not currently have a precise formulation of the 
“positive externality of a tight labor market” that could 
serve as an operational framework for analysis. Never- 
theless, it seems intuitively clear to me that there may be 
a basic problem of institutional instability in a profit- 
sharing economy because high-A behavior that is so- 
cially rational may not be individually rational. Some 
preliminary thoughts on this point are expressed in my 
1984 book, ch. 9. I believe the relevant externality has to 
do with the idea that high stable pay for “insider” 
workers of the existing labor force (at the expense of 
“outsider” unemployed workers and the young) suits 
the interests both of the high-seniority employed workers 
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Comparing the first two rows of Table 2 
with Table 1, the short-run aggregative prop- 
erties of wage and share systems appear to 
be very analogous, the only essential dif- 
ference being in the values of the variables w 
and w. That interpretation is true, but it is 
deceptive, as will be shown presently. 


VI. Long-Run Equilibrium in a Profit-Sharing 
Economy with Competitively Determined 
Pay Parameters 


Consider next a longer-run situation where 
the setup is the same as in the last section, 
except that pay parameters are endogenously 
determined by thoroughgoing competition in 
the labor market. The basic concept of com- 
petitive equilibrium in the labor market is 
essentially the same for a share system as for 
a wage system. Given the pay parameters 
every other firm is selecting, each firm is free 
to choose its own pay parameters but must 
live with the consequences of labor shortage 
if it selects too-low values. The underlying 
solution concept is a symmetric Nash equi- 
librium in pay parameters, which means that 
if all firms are selecting (w, A) as parameter 
values, it is not profitable for any one firm to 
deviate from that pattern. This equilibrium 
value will be used primarily as a reference 
point to indicate the approximate region in 
pay-parameter space where a profit-sharing 
system is likely over time to end up. 





and of their satisficing employers (who are doing well 
enough to want to continue enjoying the benefits of a 
quiet life). Converting outsider nontenured workers into 
permanent insiders may require institutional changes in 
the incentive structure going far beyond anything in 
current official thinking. Strong material incentives, such 
as favorable tax treatment of the profit-sharing compo- 
nent of a worker’s pay will probably be needed to 
convince senior workers to acquiesce in a profit-sharing 
scheme with no restrictions on new hiring. (For a more 
extensive discussion of the problem of new hires, see my 
1984 book, pp. 108-109 and 132-34.) A formal devel- 
opment of such ideas is properly the subject of fu- 
ture research, the current paper being limited to describ- 
ing the macroeconomic implications of wage and 
profit-sharing systems without yet attempting the grand 
historical synthesis of explaining how or why they actu- 
ally come into being. 
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A basic theoretical result to be proved 
below is that any pair (w, A) > 0 constitutes 
a long-run competitive equilibrium in pay 
parameters if and only if it delivers to each 
worker the same pay as an equilibrium wage 
system (w*,0) operating under otherwise 
identical circumstances. From (48), such an 
equivalence can be written as 


(58) w*=wtdA((P*Y*— wL*)/L*), 
where w* is defined by (46) and 
(59) 


There is thus an inverse relationship between 
long-run equilibrium values of A and w and, 
hence, one extra degree of freedom in de- 
termining the pay parameters of a profit- 
sharing system. , 
I do not have a formal theory that would 
explain: (a) why a society chooses a particu- 
lar (w,A) configuration; or (b) why pay 
parameters are sticky in the short run. I only 
have consistent stories about viable long-term 
combinations of w with A, and about the 
short-term consequences of pay parameters 
being temporarily frozen at various values. 
This partly intuitionist, partly formalist ap- 
proach strikes me as the best feasible way of 
addressing the important issues involved. 
(And, presumably, the present analysis would 
be needed anyway as a preliminary step to- 
ward any more ambitious formulation di- 
rectly attempting to tackle (a) and (b) above.) 
In my story, it is perhaps conceptually useful 
to think of A as a policy variable chosen by 
the government to automatically “stabilize” 
the macroeconomy at full employment.!* 


P* = BM/(Y*— aA). 


14 The fact that we generally observe (w, A) = (w*,0) 
(i.e., no profit sharing) might be because (w*,0) repre- 
sents some sort of institutional Nash equilibrium, with 
other combinations of (w, À) not sustainable in the face 
of possible externality /free-rider problems. (On this, see 
the suggestive discussion of my 1984 book, ch. 9.) 
Although intuitively plausible, this interpretation re-. 
mains speculative. If true, it might justify public policy 
to induce high values of A. Note, however, that most 
private companies in the immensely successful econo- 
mies of Japan, Korea, and Taiwan pay a very significant 
fraction of worker remuneration as a bonus which is, or 
so it seems in many instances, at least indirectly linked 
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Then, over a longer term, w can be envi- 
sioned as adjusting to satisfy (58). Through- 
out the short run, in my scenario, w and À 
are both thought of as being quasi-fixed 
parameters. 

The explanation of (58) is roughly as fol- 
lows. In long-run competitive equilibrium, 
due to migration pressure, each worker must 
end up with the same pay no matter what is 
the ostensible form of the payment (how it is 
split between straight money wages and 
shares of profit), Given the fact that every 
firm must end up paying the prevailing pay 
whatever parameter values it selects, the 
profit-sharing firm can do no better in the 
long run than to hire labor to the point 
where the marginal revenue product of an 
extra worker is equal to the prevailing pay, 
then setting its pay parameters accommodat- 
ingly during contract time to yield that going 
compensation for its workers, 

Solely to preserve neatness and to save on 
space, (58) will be proved here only for the 
case w = 0 (pure revenue sharing). The proof 
for the more general case is essentially iden- 

. tical, although made considerably messier due 
to the additional notation which is required. 

Let L(A; A*) stand for the amount of labor 
any firm is able to attract if it pays a share À 
when all other firms are paying equilibrium 
shares A*, If every other firm is paying a 
share A*, and there are a large number of 


to profits per worker; and in our own country, profit 
sharing is not an exotic innovation but a current reality 
for many tens of millions of self-employed workers, 
professional partners, and people who work on commis- 
sion or tips. (See my 1984 book, ch. 7) 

15An alternative approach to proving such proposi- 
tions in a slightly different context is contained in my 
1983 article. It is straightforward to generalize the pres- 
ent formulation to include capital, and relatively easy to 
verify that long-run properties are unaltered when the 
capital stock is treated as a choice variable. In long-run 
equilibrium, identical-twin wage and profit-sharing sys- 
tems stimulate equal investment—to the point where 
the long-run marginal revenue product of capital equals 
the prevailing interest rate. What happens to capital 
formation out of long-run equilibrium can only be con- 
jectured; but a fair guess might be that the relatively 
stable environment of a share economy—whose output 
is permanently maintained at the full capacity level— 
leads to an increased, steadier volume of investment 
over the business cycle. 
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firms, the prevailing level of pay must be 
A*P*Y*/L* where, because any long-run 
equilibrium is at full employment, P* is 
given by (59). It follows that L(A; A*) must 
satisfy the condition 


AR L A: A*t *xpxyýyx* 

eo RUAN) _ Pry 
L(A; A*) L* 

where R(L) stands for a firm’s revenue as a 

function of the labor working for it. Since 

(60) must hold for all A, differentiating with 

respect to À and collecting terms yields 


ðL \P*Y* 
(61) =-= [nar ). 


The long-run equilibrium problem of the 
firm, given A*, is to select À to maximize 
(1—A)R(L(A; A*)), which yields the first- 
order condition 


(62) (I-A) R(AL/X) = R. 
Combining (61) with (62), 
(63) R’ = *P*Y*/L*, 


But from (53), the marginal revenue prod- 
uct of labor for a firm equals y/p times its 
optimally chosen price. Hence there will be 
system-wide equilibrium if and only if 


(64)  (Y/u)P*=XP*Y*/L* 


or iff (from (46) and (59)) 
(65) 


which is exactly the condition (58) to be 
proved for the case w = 0. 

There are two major implications of what 
has been derived in this section. The first is 
that wage and profit-sharing systems arè iso- 
morphic in a long-run stationary equilibrium 
with competitive labor markets. I take this to 
mean that both systems have some long-run 
tendency toward similar resource-allocation 
patterns. 

But, and this is the more important impli- 
cation, the short-run properties of the two 


w* = \*P*Y */L* 
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systems (when pay parameters are quasi 
fixed) are quite strikingly different in the 
neighborhood of a long-run equilibrium 
position. From (58), (46), and (56), a profit- 
sharing system with a good-sized share com- 
ponent will be operating well inside the full- 
employment region [r’> 0]. (In long-run 
equilibrium, 7’ is bounded below by 0, be- 
coming ever larger as A is bigger and as & 
becomes smaller, approaching infinity as the 
pure wage component w goes to zero and as 
à approaches w*L*/P*Y*.) Even allowing 
for real world disturbances and realpolitik 
noncompetitive labor markets, a serious 
profit-sharing economy should remain at full 
employment. So it seems a fair generalization 
to say that, in the real world, a genuine 
profit-sharing system will be operating in the 
region [r > 0] whereas a wage system will be 
largely confined to the region [r <0]. The 
wage variant of capitalism, unlike its profit- 
sharing cousin, cannot long be situated in a 
state of positive tautness because self-inter- 
ested wage-economy firms will voluntarily 
bid up pay parameters. 

There is then a marked difference in the 
degree of tension of the labor markets of 
wage and profit-sharing systems. A wage firm 
wants to hire as much labor as it is hiring 
under its current wage contract. But a 
profit-sharing firm wants to hire more labor 
than it is actually able to hire on the profit- 
maximizing contract parameters that it has 
itself selected.!© The resolution of the seem- 
ing paradox is that while the profit-sharing 
firm desires more labor on the old contract, 
it will be made worse off if it tries to issue a 
new contract with higher pay parameters. 
(Indeed, this statement was demonstrated in 
the course of proving (58).) 

It is important to note that it is not dis- 
equilibrium per se which causes unemploy- 
ment, but rather a particular method of labor 
compensation (the wage system) in combina- 
tion with disequilibrium. A profit-sharing 
system does not eliminate unemployment in 
a contractionary state by having such a high 
degree of pay flexibility that, in effect, wages 


16 This aspect is elaborated in my 1984 book. 
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are lowered to the point where long-run equi- 
librium is automatically maintained.” To see 
this point clearly, imagine a pair of “identi- 
cal-twin” wage and profit-sharing economies, 
both in long-run stationary equilibrium with 
competitive labor markets, so that in both 
systems, worker pay equals the marginal rev- 
enue product of labor. Then subject the two 
systems to a contractionary shock and ob- 
serve what happens in the short run. 

In a profit-sharing economy, the margin- 
al revenue product of labor, from (53) and 
(59), is 


(66) 


while money pay (from Table 2) is 


R’ = yBM/p(Y*— aA), 


(67) W=BM/(Y*-aA) 


w(Y*-ad) _ Y* 


x (1-A) BM tAE ‘ 


Now whenever a profit-sharing economy is 
in long-run equilibrium, with (w, A) satisfy- 
ing (58), then (66) and (67) must be equal, or 
R’ =W. After a contractionary shock (say a 
decrease in A or M), it is straightforward to 
verify that money pay (67) declines by less 
than the marginal revenue product of labor 
(66) (provided w > 0). The marginal revenue 
product of labor will then be lower than pay, 
R’ < W, yet all workers are retained by the 
firms. Thus, profit sharing does more than 
simply introduce some flexibility of wages. It 
builds in a permanent incentive for firms to 
want to retain their employees, not because 
of low pay, but because the marginal cost of 
an extra worker is less than the marginal 
revenue product created by that worker. In a 
wage system, on the other hand, firms always 
act to equate the marginal revenue product 
of labor with pay, and workers are conse- 
quently laid off after a contractionary shock. 

Incidentally, it is straightforward to use 
the same identical-twin thought experiment 
to verify that not only is aggregate output 


17See my 1983 article for a more rigorous discussion. 
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and employment higher in a profit-sharing 
economy than a wage economy immediately 
after a contractionary shock to a long-run 
equilibrium state, but so is each employed 
worker’s real pay. The conclusion about 
comparatively higher real pay in a share 
system holds as well for inflationary dis- 
turbances to a long-run equilibrium position, 
because there is at least some protection 
against higher prices. 

Summing up, then, it seems a fair generali- 
zation to say that a serious profit-sharing 
economy will possess basically classical or 
monetarist macroeconomic properties very 
different from the short-run Keynesian un- 
deremployment characteristics of a wage 
economy. In a share economy, money is neu- 
tral and directly affects the price level, while 
having no effect on real aggregate economic 
variables. Resources are always fully utilized 
in a share system. The implication would 
appear to be that the central bank can di- 
rectly and relatively easily control prices in a 
profit-sharing economy by regulating the 
supply of money, without having to worry 
about possibly adverse effects on employ- 
ment and output. 


VII. Wage and Profit-Sharing 
Economies Compared 


It has been noted that a wage economy 
can plausibly be expected to function pri- 
marily in a regime where r <0, whereas a 
profit-sharing economy should operate within 
the region [r > 0]. The relevant conditions, I 
have argued, are 


(68) «A+ BMy/pw <Y¥*<aA+ BMy/po. 


Throughout this section it is assumed that 
(68) describes the appropriate configuration 
of parameters, both initially and after un- 
expected displacements of the system.!® 

Table 3 compares the short-run macroeco- 
nomic properties of wage and profit-sharing 


18The interested reader should be able to provide, 
from Tables 1 and 2, the correct analysis for those 
situations where (68) might not hold. 


WEITZMAN: MACROECONOMICS OF PROFIT SHARING 949 


systems in the regions where each is likely to 
be operating. 

In order to be able to make meaningful 
comparisons between real pay, W/P, in both 
systems, some assumption of “comparability” 
must be made between pay parameters of 
wage and profit-sharing economies. The as- 
sumption made here is that real pay in the 
profit-sharing system should be the same as 
in the wage system—under the prices pre- 
vailing in the wage system, that is, 


(69) y/p=(1- A)oy/wy +A(Y*/L*). 


(It is not difficult to verify that (69) is merely 
a rewriting of the long-run competitive labor 
market condition (58), which allows the fic- 
tional interpretation that both systems once 
upon a time started from the same initial 
equilibrium condition before being hit by the 
identical contractionary shock.) 

Under conditions (68) and (69), from Ta- 
ble 3, output Y and real pay W/P are lower, 
while prices P are higher in a wage econ- 
omy than in a comparable profit-sharing 
economy. This is the sense, then, in which 
conversion from a wage system to an equi- 
valent-looking profit-sharing system yields 
unambiguously superior macroeconomic 
characteristics. 

The basic short-run difference between 
sticky-pay-parameter wage and profit-shar- 
ing systems is no doubt exaggerated in my 
presentation, but it would, I feel, remain in 
modified form even after introducing ad- 
ditional real world frictions, inertias, and 
imperfections. Perhaps the contrast can be 
summed up as follows. In a wage system, 
prices are relatively rigid while quantities are 
relatively flexible and able to be influenced 
by demand management policies. In a share 
system, output prices are relatively flexible 
and under the control of monetary and fiscal 
policies, while quantities are relatively rigid 
at the full-employment level. Without relying 
on any fictitious “aggregate supply curve,” 
which has little meaning in an imperfectly 
competitive environment where firms set 
prices so that there is always an excess supply 
of their products, the central theoretical re- 
sult can nevertheless be conveniently stated 
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TABLE 3—- MACROECONOMIC VARIABLES COMPARED IN THE TWO SYSTEMS 


Variable Wage Economy 
M 
Y aA+ Eut 
g/w 
P pw/y 
W/P y/u 


in the “as if” language of aggregate supply 
familiar to conventional macroeconomics. 

A wage economy behaves in the short run 
as if aggregate supply were elastic at fixed 
prevailing prices (the as if Keynesian case). 
A profit-sharing economy behaves in the 
short run as if aggregate supply were inelas- 
tic at the full-employment level (the as if 
classical case). 

Note that these statements describe the 
profit-maximizing Nash equilibrium behav- 
ior of a monopolistically competitive econ- 
omy in the short run, when labor-payment 
contract parameters are fixed. The conclu- 
sions are not limited to the long run, or 
restricted to a perfectly competitive world. 
The share system thus behaves essentially 
like a classical macroeconomy, even while 
the classical preconditions are not being met. 
And the wage system, of course, behaves in 
the short run like the Keynesian macroecon- 
omy that it is. 

There is an interesting contrast, from Ta- 
ble 3, between the government’s ability to 
influence prices and quantities in the two 
systems. Output in a profit-sharing econo- 
my automatically self-regulates at the full- 
employment level, independent of govern- 
ment policy or lack of policy. The world of 
Keynesian “underemployment equilibrium,” 
on the other hand, with its possibility of 
(indeed its need for) using demand manage- 
ment to improve the level of aggregate out- 
put in the short run, with its attendant en- 
tourage of fiscal and monetary multipliers, 
rests crucially on the institutional assump- 
tion of a wage payment system. Change that 
particular labor payment feature to a profit- 
sharing arrangement and macroeconomic 


Profit-Sharing Economy 
y* 
BM/(¥* ~ aA) 


TET pe praia 
pe tO eae 





properties are dramatically altered for the 
better. 

Compare the price equation of Table 3 for 
the two systems. In a wage economy, govern- 
ment policy has no direct effect on prices, 
which are determined strictly as a markup on 
costs. But in a share economy, the short-run 
price level is a direct function of aggregate 
fiscal and monetary variables and it does not 
depend upon short-run cost considerations. 
Government spending in a profit-sharing sys- 
tem crowds out private spending, and the 
aggregate effects show up only on the price 
level. Money is neutral in a share economy 
—monetary policy can be used powerfully 
and directly to determine the price level 
without affecting real economic activity. If 
there is an inflationary shock, say due to 
an increase in autonomous spending, the 
monetary authorities can hold the price level 
stable—without causing unemployment— 
merely by contracting the money supply. The 
share economy is a monetarist’s dream—not 
just in long-run equilibrium, but in the short 
run with rigid labor contracts and monopo- 
listic product markets. 

A good litmus test for any market system 
is to observe how it reacts to changes in 
capacity. What happens if potential output 
Y* is suddenly made larger, say because 
labor supply has unexpectedly increased? 

A profit-sharing economy immediately 
raises its output level to the new capacity 
ceiling. Fresh labor is immediately absorbed 
and put to work producing additional goods 
and services, without having to wait for any 
long-run adjustment of pay parameters. From 
Table 3, the short-run effect of increased 
capacity on a profit-sharing economy is 
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greater output, lower prices, and higner real 
pay. The opposite conclusions holJ when 
there is diminished potential to prod.ce. 

By contrast, in the wage system £ firm is 
not interested in hiring additional workers 
on the existing labor contract. From Table 3, 
an increase in Y* has no immedia e effect 
on output, prices, or real pay for a wage 
system. Only if A, M, a, or B are increased, 
say through government policy, or if w is 
lowered, does a wage system abscrb new 
entrants into the labor market. 

The parameter p is a measure of the de- 
gree of competitiveness of an economy. 
Higher values of » mean that industzy is less 
competitive. From Table 3, changes in p 
have no short-term macroeconomic. effects 
on a profit-sharing system, although there 
will be predictable long-term effects. By con- 


trast, in a wage economy any industrial policy - 


changing the degree of concentraton will 
immediately move aggregate output. prices, 
and real pay in the expected direction, with 
macroeconomic performance being improved 
by increased competitiveness. 

In the model of this paper, the ccefficient 
y stands for the marginal product cf labor; 
its inverse, 1/y, measures the acditional 
labor requirement per unit incremen: of out- 
put. If raw materials are employed in fixed 
proportions with output, an exogendus hike 
in the relative cost of materials could be 
given an interpretation within the model 
by appropriately increasing 1/y. Cenerally 
speaking, an adverse supply shock can be 
captured in the present framewor= by an 
autonomous deterioration of the narginal 
productivity parameter y.!° 


19 This is a standard trick, if somewhat hearistic. For 
some more details, see Rudiger Dornbusch end Stanley 
Fischer (1984, p. 410). Changes in sales taxes, employ- 
ment subsidies, and the like can be giver a similar 
interpretation. Note that I am assuming, “or conve- 
nience, that a supply shock leaves the level cf potential 
output Y* unaltered. This may or may ot be an 
appropriate assumption, depending on the centext. The 
interested reader should be able to trace tkrough, for 
example, what happens if y and Y* both change in the 
same proportion. : 


WEITZMAN: MACROECONOMICS OF PROFIT SHARING 951 


From Table 3, changes in y have no 
short-term macroeconomic effects on a 
profit-sharing system. But a decline in the 
marginal productivity of labor has an im- 
mediate detrimental impact on output, prices, 
and real pay in a wage economy. The long- 
run effects of declining marginal productivity 
of labor are identical in both systems, involv- 
ing basic adjustments in compensation pa- 
rameters and real pay. But a share system 
allows such changes to come about gradu- 
ally, through the competitive pressures of the 
market, without ever interrupting the smooth 
flow of full-employment output. A wage sys- 
tem, by contrast, responds to an adverse 
supply shock by an abrupt increase in unem- 
ployment and inflation that can be unsettling 
to society. 

Wage capitalism is fundamentally a pre- 
cariously balanced system. The slightest 
change—a momentary lowering of the desire 
to spend money on goods, say—can move it 
away from the razor-thin [7 = 0] region where ` 
there is just full employment and pay is 
exactly competitive. A wage economy is at 
the mercy of any imbalances between y, w, 
M, A, and the other variables or parameters 
of the system. A trifle more belligerence on 
the part of labor unions, a slight increase in 
the cost of imported raw materials, a bit less 
productivity than expected—may be enough 
to set off an explosive inflationary spiral, 
pushing up both prices and unemployment. 

If productivity is less than anticipated, yet 
workers seek to maintain an inappropriately 
high level of real wages, even a very small 
discrepancy between labor’s aspiration level 
and the profit-maximizing real wage 


w/P=y/u 


may unleash an accelerating wage-price 
spiral, abetted by whatever indexation exists, 
that can ultimately be brought under control 
only by choking the economy, and the labor 
force, into submission through restrictive 
monetary and fiscal policies. When w is 
pushed up relative to y, say because produc- 
tivity has not increased as fast as expected, 
that just moves up prices in the same propor- 
tion, leaving the real wage intact. And unless 


(70) 
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there is accommodating policy, unemploy- 
ment results and output declines. Should the 
monetary authorities ratify the wage hike by 
increasing the money supply, inflation is 
created without dampening labor’s underly- 
ing desire for an increased real wage. 

A fundamental problem of the wage sys- 
tem is that prices are set by producers as a 
markup over wages and neither the govern- 
ment nor anyone else has a direct mecha- 
nism for changing the price level in the short 
run. From formula (43), P can only change 
as w, p, or y are altered. And there is no 
reason to expect a reliable or usable ten- 
dency for “the elasticity of demand, over the 
elasticity minus one, divided by the marginal 
product of labor” to vary systematically with 
business fluctuations. 

So the only practical way to moderate 
prices in a wage economy is to moderate 
wage costs. Monetary or fiscal policies can 
slow down wage-push inflation only by 
throttling the economy into sufficiently low 
rates of employment to diminish money-wage 
demands: a very costly, indirect, inefficient, 
and inhumane way of controlling the price 
level, but the only one available under wage 
capitalism. 

Table 3 displays an interesting contrast 
that may be relevant for issues concerning 
cost-push inflation. In a wage economy, the 
pay parameter w influences aggregate output 
and the price level, but not the real wage. In 
a share economy, it is the other way around 
—parameters œ and A have no effect on 
output or prices, but do play a role in de- 
termining real pay. A cost-push money-wage 
increase in a wage economy lowers output 
and raises prices while leaving the real wage 
intact. But in a profit-sharing economy, any 
pushing up of pay parameters does nothing 
to aggregate output or prices, while it raises 
the level of real pay. If the parameters w or 
A are increased, that merely redistributes in- 
come in the short run from capital to labor 
without changing the overall size of the out- 
put pie.” l 


20It might be thought, then, that there is a greater 
temptation for the median worker to attempt to push 
pay parameters above competitive levels in a profit- 
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VII. Conclusion 


My own conclusion is that a profit-sharing 
economy has some natural tendencies toward 
sustained, noninflationary, market-oriented 
full employment. A profit-sharing economy 
can avoid dreaded Keynesian unemploy- 
ment, even when conducting anti-inflation- 
ary monetarist policy. The wage variant of 
capitalism, on the cther hand, does not have 
built-in stability and so must rely more 
heavily on skillful discretionary adjustments 
of financial aggregates in reacting to each 
unforeseen event as it occurs. Such questions 
as why wage capitalism is so prevalent and 
what can be done to change an economy 
from a wage system to a profit-sharing sys- 
tem must be left for another time.” But 
I hope it is clear from the analysis of this 
paper why an economy based on profit-shar- 
ing principles may conceivably offer some 
foundation for a permanent solution to the 
problem of stagflation. 


sharing economy than in a wage economy. Somewhat 
paradoxically, the exact opposite is true. See my 1984 
book, ch. 8, for the details. It turns out that while it may 
be collectively rational for all workers together in a 
profit-sharing economy to push up pay parameters above 
competitive levels, it is not individually rational for a 
particular worker or union, who will not directly benefit, 
because on the margin the profit-sharing firm will auto- 
matically offset artificial pay-parameter increases by hir- 
ing more workers and driving down profits per worker, 
sO pay remains at the level prevailing throughout the 
rest of the economy. In a wage system the opposite is 
true—it is individually rational for the median worker 
of a wage firm to push for higher wages no matter what 
workers in other firms are doing, but it is collectively 
irrational for the working class as a whole to push for 
higher wages. 

lFor some preliminary thoughts on these issues, see 
fn. 13. The welfare effects of changing from a sticky 
wage economy to a sticky share economy should be 
clear enough, even withcut a very sophisticated analysis. 
When outsider unemplcyed workers are effectively cut 
out of the wage econcmy, a significant slice of the 
national income pie evaporates—resulting in huge first- 
order Okun-gap losses of output and social welfare. A 
profit-sharing system stabilizes aggregate output at the 
largest possible national income pie, while permitting 
only small second-order Harberger-triangle losses to 
arise—for example, because a few crumbs have been _ 
randomly redistributed from workers in one firm to 
workers in another, or because the movement of re- 
sources in response to firm-specific shocks may be some- 
what slowed. 
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OPEC Behavior: A Test of Alternative Hypotheses 


By JAMES M. GRIFFIN* 


Just as the Great Depression characterized 
the 1930’s, the Energy Crisis marked the 
1970’s. But what role will history ascribe to 
OPEC? Will it be considered a cartel, a loose 
confederation of producers who only ratified 
competitive prices, a group of producers 
seeking noneconomic goals, or whatever? 
While most students of energy economics 
label OPEC a cartel, increasingly this view 
has been challenged.! Recently, Paul Mac- 
Avoy (1982) has argued that the long-run 
trend of oil prices can be adequately ex- 
plained by a competitive model. Proponents 
of the target revenue model (David Teece, 
1982, and Jacques Cremer and D. Salehi- 
Isfahani, 1980) claim that rising oil prices 
and production cutbacks in the 1970’s were 
not the result of collusive behavior, but rather 
each exporting country facing a backward- 
bending supply schedule, which results if 
exporting countries try to satisfy a target 
revenue for internal investment purposes. 
Walter Mead (1979) and A. D. Johany (1978) 
set forth a property rights explanation, argu- 
ing that the transfer of concession ownership 
from the international oil companies to the 
exporting countries in the 1970’s lowered 
the effective discount rate leading to the ob- 
served price-output behavior. Finally, Theo- 
dore Moran (1982), a political scientist, re- 
jects the conventional cartel interpretation in 
favor of an oil pricing model guided by 
Saudi Arabia utilizing its market power to 
maximize its security and influence rather 
than its wealth. 

The standard practice to date has been to 
reach onto the shelf of economic models, to 


*Professor of Economics, Texas A&M University, 
College Station, TX 77843. I thank Steven N. Wiggins, 
Donald Deere, David Teece, the participants of the 
Yxtaholm Conference, and the referees for numerous 
helpful comments. Chris Colburn and Clifton Jones 
provided conscientious research assistance. 

lFor a literature review, see my study with David 
Teece (1982) and Dermot Gately (1984). 
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select one, to validate its choice by pointing 
to selected events not inconsistent with the 
model’s predictions, and then to proceed with 
some normative exercise. For all practical 
purposes, the model is treated as a main- 
tained hypothesis. Now, it is time to test 
these models since our interpretation of past 
and future oil price patterns depends criti- 
cally on the model chosen. As a first step, the 
emphasis here is on testing the simplest ver- 
sion of the various models. 

Section II outlines the determinants of an 
individual country’s oil production level un- 
der the following four models: cartel, com- 
petitive, target revenue, and property rights. 
Section III compares the ability of each theo- 
retical model to explain production levels in 
the various OPEC countries. Section IV con- 
siders the limitations of these results, con- 
trasting them with non-OPEC oil producers. 
Section V recapitulates the principal find- 
ings. 


I. Determinants of Production under 
Alternative Models 


A. Cartel Models 


The existing literature exhibits a variety of 
cartel models, each with unique empirical 
implications for an OPEC country’s produc- 
tion decision. For example, Robert Pindyck 
(1978) has modeled OPEC as a monolithic 
wealth-maximizing monopolist solving an 
optimal control problem.’ In contrast, Der- 
mot Gately and John Kyle (1977) suggest 
OPEC follows a rule-of-thumb approach to 
pricing. Cartel models vary not only in their 
treatment of the nonrenewability of the re- 


2 Even though Pindyck (1982) now rejects the predic- 
tive value of his early approach, it is an important piece 
because it demonstrates that the monopoly price path 
will be initially much greater than the competitive price 
path. 
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source,’ but also in the behavior o. various 
OPEC countries.* The proliferation of mod- 
els is not surprising, according tc Morris 
Adelman (1982), because he contends 
OPEC’s actual behavior wobbles between the 
dominant firm and market-sharing models 
depending on market conditions. 

Following Adelman’s suggestion, the em- 
pirical formulation of production s based 
on a market-sharing cartel model that al- 
lows for changing market shares orer time. 
The simplest version of the marke-sharing 
model posits constant market shaves. The 
demand for OPEC oil (Q°), is a. derived 
demand, being the difference between world 


demand (QP, A)) and non-OPEC supply 


(QXP, Z). | 
(1) 9°=9Q"(P, A)- QP, Z) 


World demand depends on the real. price of 
oil (P) and economic activity (2) while 
non-OPEC production depends on ral price 
(P) and exogenous supply variatles (Z). 
Given the cartel price (P), OPEC production 
is determined. Individual country production 
(Q,) is some fraction (a*) of tota OPEC 
production (Q2).° 


(2) Q:= atg’? 


To avoid simultaneity between Q, and Q9, 
equation (2) can be expressed as a fraction of 
other OPEC nations’ production (97° = = 
Q° — Q;) as follows: 


(3) Q;= aP? 


where a; = a*/(1~— až). 

Under a variety of cartel modele market 
shares could vary with price, reserves, and 
other factors (see P. L. Eckbo). To ellow for 
heterogeneous behavior, the marEet-share 
coefficient (a/) is assumed to be a furction of 


i=1,...,” 


i=l1,...,n 


3¥or examples, see Partha Dasgupta anc Geoffrey 
Heal (1979) and Karim Pakravan (1984). 
4See P. L, Eckbo (1976) for a description o. the cartel 
core, the price pushers; and the expansionist ringe. 
5For textbook examples, see my study with H. B. 
Steele (1980). 
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price: 


(4) Qi=aPPrQRO 


The empirical model to be estimated follows 
directly from equation (4): 


(5) InQ,,=4; + yln P, + BinQ0? +e, 


i=1,...,n; t=1,...,T, 


where e,, is the standard error term. -Tests for 
the following three variants of equation (5) 
were performed: constant market sharing (£; 
=1, y;=0); market sharing (B,=1, 7,20); 
and partial market sharing (8;>0, y,20). 
Partial market sharing suggests a looser cartel 
model since market-sharing considerations 
partially affect production decisions, but pro- 
duction cutbacks need not be proportional. 


B. The Competitive Model 


MacAvoy has added considerable credibil- 
ity to the view that oil prices can be best 
explained by a model focusing on supply and 
demand rather than on cartel behavior. 
MacAvoy carefully avoids labeling his simu- 
lation model as competitive, choosing in- 
stead the terms “market fundamentals,” 
“open market conditions,” and “supply and 
demand.” Nevertheless, the positively sloped 
supply functions for OPEC countries im- 
plicitly embody competitive behavior. Mac- 
Avoy primarily attributes price increases to 
supply disruptions unassociated with cartel 
ambitions: “Because of the supply interrup- 
tions prices would have risen to four-fifths 
or more of present prices under open mar- 
ket conditions...these conditions, and not 
OPEC, caused most of the crude oil price 
increases in the 1970’s” (p. 57). 

Besides MacAvoy’s analysis, changing per- 
ceptions of user costs in the 1970’s might 
well explain the large price increases. The 
1960’s and early 1970’s experienced rapid 
demand growth and declining worldwide oil 
discovery rates which may have raised ex- 
pected user costs. 

The competitive inode! would specify cur- 
rent production (Q;,) as a function of price 
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(P,), perceived user costs (U,,), and current 
extraction costs (M,,): 


(6) Qa = S;(P,, Ui Ma) 
i=1,..., n; 


Unfortunately, data limitations do not allow 
estimation of equation (6) because user costs 
are unobservable and time-series data on 
extraction costs are not available. There- 
fore, the empirical model is a simple log 
linear specification in which production is a 
positive function of the real oil price: 


(7) InQ,,=a,+ yn P, + En 
t=haa T: 


The underlying test is whether y; is positive, 
indicating a positively sloped supply sched- 
ule. It should be remarked that equation (7) 
is not devoid of cost and reserve phenomena 
as a, and y; vary across producers, reflecting 
intercountry differences in cost and reserve 
conditions. 


C. The Target Revenue Model 


A popular, noncollusive explanation for 
oil pricing is the target revenue theory (Ali 
Ezzati, 1976; Cremer-Isfahani; and Teece). 
This theory argues that internal investment 
needs effectively determine “oil revenue 
needs.” The former are constrained by the 
economy’s ability to absorb investments and, 
for given prices, determine oil production. 
Once oil revenues satisfy the investment 
target, there is no incentive to produce more. 
Three critical assumptions underlie this mod- 
el:’ (i) a fixed and slowly expanding set of 
investment projects; (ii) the unacceptability 


In the absence of producers’ future oil price predic- 
tions, user costs are not observable. Lease bonus prices 
in competitive auctions may form the basis for ap- 
proximations to future price expectations, but are them- 
selves limited to countries with (a) competitive leasing 
and (b) reasonably homogeneous prospects. For an at- 
tempt to estimate user costs in OPEC countries, see 
Pakravan. 

7See Teece, pp. 66-67. 
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of foreign investments; and (iii) oil revenues 
are the sole source of investment funds. The 
target revenue theory argues that production 
cutbacks occur in response to rising oil prices 
to equate oil revenues with investment needs. 
More formally, let J,* represent: investment 
needs, the target revenue proponents pos- 
tulate: 


(8) Tit = P Qu- 


By assumption, oil prices are exogenous to 
the producer as are investment needs, so we 
take logarithms and rearrange equation (8): 


(9) InQ,=a;+ynP.+6lnI* + e, 
i=1,..., n; 


Increases in investment needs, ceteris pari- 
bus, result in proportionate (8; =1) increases 
in production. For given investment needs, 
a price increase implies a proportionate out- 
put decrease (y,;= —1). This constitutes the 
“strict version” of the target revenue theory. 
If OPEC countries are heavily influenced by 
target revenue considerations, but occasion- 
ally produce in excess of investment needs, I 
also test for a “partial version” of the theory 
(8; > 0, y; < 0). 


D. The Property Rights Explanation 


Mead and Johany have adapted the prop- 
erty rights literature to provide yet another 
noncollusive explanation for world oil prices. 
Not only were the 1970’s a time of rising oil 
prices, they also saw transfer in ownership 
and control of the oil concessions from the 
international oil companies to the producing 
countries. According to this theory, the 
transfer of ownership from the oil compa- 
nies, who because of their impending loss of 
production were applying high rates of time 
discount, to the host countries, who tend to 
apply much lower discount rates, resulted in 


Since investment needs are not directly observable, I 
use as a proxy real fixed domestic capital formation, 
converted to US $ and lagged one quarter, as reported 
in the IMF International Financial Statistics. 
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sharp production cutbacks and rising prices. 
In a Hotelling model with zero extraction 
costs, the real price of oil will rise et the real 
discount rate. The switch from a high real 
discount rate to a low real rate leads to 
sharply higher prices and lower cu-rent pro- 
duction (see Dasgupta and Heal). After full 
adjustment to the lower discount rete, prices 
rise at the new real rate of discount. Under 
the property rights explanation, p-oduction 
will be primarily influenced by the per- 
centage of government controlled p-oduction 
(G); increases in the percentage cf govern- 
ment controlled production result ia produc- 
tion cutbacks (2, < 0).° 


(10) InQ;,=4@;+ O,G;,+ En 
i=1,...,73 
II. Empirical Tests 


This section examines the emprical evi- 
dence supporting these four hypotheses. With 
the exception of the property righ s model, 
quarterly data for the period 1971: through 
1983:III were utilized. The sample period is 
particularly rich as it includes a substantial 
period prior to the October 1973 Arab-Israeli 
war and the quadrupling of cruce prices. 
Likewise, the data through 1983:III contains 
observations including the decline in crude 
prices from $34 to $29 in the spring of 1983. 
Quarterly, as opposed to annual, data allow 
a much closer examination of short-run pro- 
duction adjustments in response to rice and 
other factors. Due to data deficiencies for 
Ecuador and Gabon, only 11 of the 13 OPEC 
countries are examined. The samplz is trun- 
cated for Iran to delete the period “ollowing 
the revolution in Iran (1978:IID anc for Iraq 


°As a measure of the percentage of government con- 
trolled oil production, I use the percent of government 
equity oil as reported in the.OPEC Annus. Statistical 
Bulletin. While seemingly a perfect measure, govern- 
ment equity oil is not synonymous with zovernment 
controlled production. The decision to prodace and sell 
government equity oil is not necessarily made by the 
government as the remaining concessonaires may make 
the production decision and simply compensate the 
government. There is, however, no better measure avail- 
able. 
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after the start of the Iran-Iraq war (1980:IID). 
Price and production data are taken from 
Petroleum Intelligence Weekly and the U.S. 
Monthly Energy Review. 


A. The Cartel Model 


Table 1 reports the relevant OLS regres- 
sion estimates for the four models and Table 
2 shows the results of hypothesis tests. The 
latter are based on t-tests for individual 
parameters and for joint: hypotheses, an F- 
test is applied. Beginning with Table 1, Part 
A, note that the coefficient for other OPEC 
production (Q2°) is statistically significant 
and positive in 10 of the 11 OPEC countries. 
Only Iraq, long noted for independent be- 
havior, exhibits a negative but insignificant 
coefficient. Also, the cartel model exhibits 
frequent statistically significant price terms, 
indicating that market shares change with 
price. Consequently, the constant market- 
sharing model is decisively rejected (see Ta- 
ble 2). On the other hand, the market-shar- 
ing model (8;=1, y; Z 0) cannot be rejected 
for 5 of the 11 countries including Qatar, 
United Arab Emirates (U.A.E.), Libya, Iran, 
and Nigeria." Even Saudi Arabia appears to 
vary production in concert with other OPEC 
countries. This result contradicts dominant 
firm models where Saudi Arabia would act 
as the market leader and vary production 
inversely to the competitive output levels of 
other producers, including the rest of OPEC. 
Based on this evidence, OPEC appears to be 
a real cartel with at least partially effective 
output coordination. Although it was not 
possible to test Moran’s security maximi- 
zation model directly, these results indicate 
that OPEC is much more than Saudi Arabia. 

The coefficients on price suggest some in- 
teresting behavioral implications about mar- 
ket shares. Kuwait, Qatar, Libya, and Vene- 
zuela appear willing to accept lower market 
shares in a high price regime. For Libya and 
Venezuela, their preferences for higher prices 


10A copy of the data appendix is available on request. 

Additionally, the models were corrected for first- 
order autocorrelation and the conclusions were not found 
to be affected. Results are available on request. 
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TABLE 1— ESTIMATES OF ALTERNATIVE MODELS APPLIED TO 11 OPEC COUNTRIES’ 


958 
A. Cartel 
Inge? In P, = In P, 
Country (B;) mM P 
Saudi Arabia 74 29 49 AS 
; (.13) (.04) (.04) 
Kuwait 1.41 — 39 .90 ~ 48 ` 
. ; (12) (.03) - (05) 
Qatar : 88 —.03 73 ~ 11 
(.08) (.02) (.04) 
U.A.E. 1.00 .20 80 .09 
(.08) (.02) (.04) 
_ Iraq — .06 .29 49 30 
, (.48) (.05) (05) 
Libya : n2 —.27 59 — 33 
. (18) (05). _ (.05) 
Algeria 74 005 69 —.07 
(.07) (02) (.03). 
Iran 88 0S 69 09 
(15) (.02) (.02) 
Nigeria 1.13 10 68 — 01 
(11) (.03) (.05) 
Indonesia 56 .26 .83 19 
(.06) (.02) (.03) 
Venezuela _ AT — 25 75 — 26 
(.08) (.02) (.02) 


; B. Competitive 





C. Target Revenue D. Property Rights 


7 In I* mP Gir 

R? (8) (y) R (Ø) R? 

17 — 004 14 12 61 .74 
(.07) (11) (11) 

59 —~ 15 — 39 59. —.61 51 
(10) (09) (18) 

14 N.A. N.A. — 03 ~ — 09 
(03) 

09 AL — .06 ll 66 14 
(.06) (08) - (12) 

.50 .27 —.02 -67 55° - 46 

(.06) (.08) - (20 - 

45 — 38 — 06 AS — 57> 27 
í (.22) (16) (26) 

.07 .34 —.28 .22 39 —.05 
(10) (.07) (55) 

32 _ —.004 08 -25 21 75 
(.05) (.04) (.05) 

— 02 — 05 —.008 -.03 18. 001 
(11) {0 > . (18) 

54 14 08 52 1.49 87 
(.09) (07) (.18) 

T13 —.25 —.15 .18 —.33 .68 
(.06) (.03) (.07) 





*Standard errors are shown in parentheses. 


TABLE 2—SUMMARY OF HYPOTHESIS TESTS 








A. OPEC Countries 


_Models 


Do Not Reject 


B. Non-OPEC Countries 


Reject Do Not Reject Reject 





1. Cartel 
Constant Market Sharing 
Market Sharing 
Partial Market Sharing 1 
2. Competitive 
3. Target Revenue 
Strict Variant 
Partial Variant 
_ 4, Property Rights 


NOOO Harare 


m= 
O orno 

m 
rPwWoOP 





match their traditional positions at OPEC 
meetings. Of those countries found to in- 
crease market share in response to rising 
prices, we find a curious mixture ranging 
frorn Saudi Arabia to Indonesia. The results 
for Saudi Arabia seem consistent with a wil- 
lingness to use production increases to at- 
tenuate price increases whereas a positive 
coefficient for Indonesia and Nigeria reflect 


some tendency to “increase production at 
higher prices as would be expected from 
small producers with competitive fringe 
tendencies. In sum, the evidence favoring a 
partial market-sharing model is impressive. * 


12 Even the addition, of lagged oil reserves to equation 
(5) does not alter this basic conclusion, as its coefficient 


VOL. 75 NO. 5 


B. The Competitive Model 


The results for the competitive nodel in 
Table 1 reveal generally anomalous results. 
The hypothesis of a positive coefficzent (y; > 
0) on price is rejected in 5 of the 11 coun- 
tries. Significantly negative estimates are ob- 
served for Kuwait (—.48), Qatar (—.11), 
Libya (—.33), Algeria (— .07), and Yenezuela 
(—.26). Furthermore, comparisca of the 
R? for both the cartel and the ccmpetitive 
models reveals a sharp dichotomy in ex- 
planatory power. Additionally, it iz possible 
to test the competitive model as a nested case 
of the cartel model. Even for the 6 countries 
in Table 2 for which the competitive model 
could not be rejected, the competitive restric- 
tion is rejected for all but Iraq. At-empts to 
improve the performance of the competitive 
model by the introduction of a Exgged oil 
reserves variable in equation (7) failed to 
alter this conclusion.’4 Even experimenta- 
tion with a dynamic demand formulation, 
allowing for lagged price effects likewise 
failed to alter the overall conclusior.° 


C. The Target Revenue Mocel 


Of the 10 OPEC countries for which in- 
vestment data is available, all 10 are found 
to reject the strict formulation of zhe target 
revenue theory (6, =1, y; = —1). Or the other 
hand, these factors could be influencing pro- 
duction decisions through a partial version 
of the target revenue model (8; > 2, y;< 0). 
Table 1, Part C, shows there ase only 3 
countries for which investment is s:atistically 
significant and positive, and only >ne coun- 
try (Algeria) with both variables having cor- 
rect, statistically significant coefficients. In- 


is positive and statistically significant in onl~ 3 countries 
(and none under the autoregressive modl). In such 
cases, the conclusions concerning 8, are unaffected. 
BWith the autoregressive model, price =nded to be 
positive and statistically significant in only “our cases. 

14 Here the reserves coefficient was positive and statis- 
tically significant in 5 countries, causing a sign change in 
y; for U.A.E. from .09 to —.14, strengthering the con- 
clusion a bit. 

15In the dynamic formulation, y, was not positive 
and significant for any of the OPEC countres. 
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terestingly, Algeria is the country Cremer 
and Isfahani cite as an example of their 
theory. The null hypothesis test in Table 2 
(Ho: ¥;< 0, 5;>0) reveals that the partial 
version of the model, unlike its strict coun- 
terpart, is difficult to reject statistically de- 
spite the lack of evidence to support the 
theory.'* Attempts to utilize a trended invest- 
ment series to better approximate investment 
“needs” failed to improve the model’s per- 
formance. 


D. The Property Rights Model 


The data set for this test utilized annual 
observations for the period 1971 to 1981, the 
last year for which annual data on the per- 
cent of government equity oil production 
(G) 28 available. Table 2, Part B, reveals a 
Statistically significant and negative coeffi- 
cient for 3 of the 11 countries (Kuwait, Libya, 
and Venezuela). Nevertheless, as indicated in 
Table 2, the null hypothesis (Hp: 2; <0) 
could not be rejected for 6 of the 11 coun- 
tries. The mixed performance of the Property 
rights model is not unexpected since, for 
example, in 1972 Iraq nationalized the Iraq 
Petroleum Company and expanded capacity 
from 1.7 to 4.0 million barrels per day. In 
sum, this simple test of the property rights 
model provides little supper for this hy- 
pothesis. 


Ill. Caveats and Extensions 


The preceeding results give considerable 
support to the cartel model. Not only does 
this model apply to a greater number of 
countries, but the overall level of explanation 
dominates other models. But to what degree 
are these results dependent on the test de- 
vised for each model? Perhaps due to spuri- 
ous correlations, any randomly selected 
country’s observations might fail to reject the 
cartel model. Alternatively, the power of the 


16 Estimation using the autoregressive model found 
only Iraq to have a positive, statistically significant 
coefficient on [*(.28), and no country showed both 
variables having the signs suggested by the target reve- 
nue theory. 
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TABLE 3 — ESTIMATES FOR CARTEL AND COMPETITIVE MODELS 
APPLIED TO 11 NON-OPFEC COUNTRIES? À 


04 19 05 16 


In 2 
Country (B) 
Argentina —17, 
(15) 
Brunei/Malaysia 32 
(37) 
Canada 32 
(.20) 
China 72 
(31) 
Egypt —1.16 
(89) 
India — .05 
(.36) 
Mexico —1.29 
(54) 
Norway -75 
(1.66) 
U.K. —.61 
(3.98) 
USSR. —.34 
(15) 
U.S. —14 
(.07) 


B. Competitive 
In Py = In Pi, - 
(4) R? Y) R? 
(03) (.03) 
32 59 30 60 
(08) (07) 
—.04 .20 —.06 .08 
(04) (.04) 
62 89 57 85 
(06) (07) 
34 32 41 .28 
(18) (18) 
22 66 28 46 
(07) (.09) 
67 .83 75 15 
(12) (13) 
1.73 -70 1.68 72 
(34) (31) 
3.32 61 3.36 65 
(81) ' (.73) 
19 79 19 82 
(.03) (.03) 
— .06 62 _ 7 05 50 
(.01) (.02) 


*Standard errors are shown in parentheses. 


cartel model may be sufficiently weak that 
most countries would fail to reject it. This 
section examines such questions in order to 
assess the confidence one can attach to the 
preceeding results. 


A. Non-OPEC Producers 


To test the conjecture that any oil pro- 
ducer would fail to reject the cartel model, I 
apply both the competitive and cartel models 
to non-OPEC producers with daily produc- 
tion rates in excess of 300,000 barrels in 
the 1971-82 period. The data set consists 
of 11 countries, which include Argentina, 
Brunei/Malaysia, Canada, China, Egypt, In- 
dia, Mexico, Norway, United Kingdom 
(U.K.), USSR, and the United States (U.S.). 
Annual data (1971-82) were utilized in place 
of quarterly data due to limited data avail- 
ability. One would expect, ex ante, the be- 
havior of these countries to reject the cartel 
model and to not reject the competitive 


model. Table 3 presents the parameter esti- 
mates of the two competing hypotheses for 
the non-OPEC producers and Table 2, Part 
B, reports the hypothesis test results. Table 
2, Part B, reveals that the power of the 
partial market-sharing hypothesis is not 
strong as for 8 of the 11 non-OPEC countries 
cartel behavior could not be rejected. These 


results can be directly traced to the fact that 


Hyp: B;>0 is virtually equivalent to Hő: 
B; =0. Consequently, it is noteworthy that 
the cartel model is rejected for 3 countries. 
On the other hand, the competitive model is 
rejected for only one country, the U.S., which | 
was subject to price controls over much of 
the sample period. 

A closer comparison of the cartel and 
competitive models for these non-OPEC 
countries reveals some striking differences. 
Whereas for the 11 OPEC countries, the 
coefficient on OPEC output, 8,, was positive 
and statistically significant for 10 of the 11 
countries, only in one.(China) of the 11 
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non-OPEC countries was this tree.” Ad- 
ditionally, whereas for OPEC coumtries, the 
explanatory power of the cartel medel sub- 
stantially exceeds that of the competitive 
model, this is not the case for nen-OPEC 
countries. 


B. Divergent, Disequilibrium 
Price Expectations 


The competitive label might be resurrected 
for the OPEC countries by appeal to a 
Hotelling story linking rising prics to cur- 
rent production cutbacks. As the ciscussion 
of the competitive model indicated, changes 
in perceived user costs are correlzted with 
price changes, the competitive mocel’s price 
coefficient may be biased downward. Sup- 
pose OPEC producers altered their >erceived 
user costs during the early 1970’s im anticipa- 
tion of future shortages. They wculd then 
have cut production, but the effect -nay have 
been incorrectly attributed to pr-ce, since 
user costs are omitted in equation ¢). 

There are several problems witE such an 
explanation. First, one must wonde why the 
non-OPEC suppliers were not appreciably 
influenced by such a change in user cost 
perceptions since they rather unifdrmly ex- 
hibit a positive relationship betwzen price 
and production in Table 3. Second, even if 
the expectations of the OPEC nations di- 
verged from the non-OPEC prodwers, such 
expectations seem likely to be confined to the 
period 1971-74, since, thereafter, prices had 
effectively quadrupled. Thus, if th» negative 
relationship between price and production is 
due to divergent expectations, me would 
expect to observe a positive price/quantity 
relationship for the period exclucing these 
possibilities (1975-83). Tests of the competi- 
tive model: for the period beginnmg 1975:I 
are quite revealing. Instead of showing a 
greater preponderance of positive price coef- 
ficients, as implied by disequilibcum price 
expectations, the competitive mod=l was re- 
jected for all countries except Iraq. Hence, 


1?Canada’s coefficient £; becomes margmally signifi- 
cant when correction for autocorrelation issmade. 
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the positive price coefficients in Table 1 which 
are supportive of the competitive model 
originated primarily from the period 1971- 
74. Such a result is quite plausible if cartel 
behavior only began with the 1973 Oil Em- 
bargo. In sum, divergent expectations of user 
costs do not appear capable of salvaging the 
competitive model.® 


C. Attempts to Group OPEC Countries 


With the recognition that OPEC cannot be 
treated in monolithic terms, researchers have 
found it convenient to group OPEC coun- 
tries by behavioral characteristics. For exam- 
ple, Eckbo postulated three groups—the 
“price pushers” (Iran, Venezuela, Algeria, 
and Gabon), the “expansionist fringe” (In- 
donesia, Nigeria, Iraq, and Ecuador), and 
the “cartel core” (Saudi Arabia, Kuwait, 
U.A.E., Qatar, and Libya). In a statistical 
sense, is it meaningful to form such groups? 
Tests on Eckbo’s groupings, excluding Ecu- 


-ador and Gabon, were performed using the 


cartel model and allowing for differential 
country intercepts to see if common values 
for ĝ; and y; could be maintained within 
each of these three categories. In each group, 
the hypothesis of similar responses was deci- 
sively rejected.!? While behavioral groupings 
are superior to a monolithic view of OPEC, 
such groupings must be viewed as rough 
approximations, useful for pedagogical pur- 
poses. 


IV. Summary and Implications 


The scope of this paper—to test these 
alternative theories of OPEC—is necessarily 
ambitious and controversial. Nevertheless, 
resolution of these differences is critical, not 
only for historical purposes, but also for the 
methodology of economics and its implica- 
tions for public policy. Methodologically, 


18 For a similar conclusion, see Pakravan. 

For the price pushers, F = 39.6 with F%, (4,124) 
= 3.47; for the expansionist fringe, F=17.5 with 
Fġ (4,132) = 3.47; and for the cartel core, F = 53.2 with 
F§ (8,240) = 2.65, 
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tests of these competing theories should pro- 
duce clear differences unless, of course, mo- 
nopolistic and competitive models yield sci- 
entifically indistinguishable differences. The 
approach has been to formulate simple mod- 
els reflecting the key determinants of pro- 
duction behavior under alternative OPEC 
theories. These models are inherently sim- 
plifications of each theory in a variety of 
ways. Clearly, the proponents of each theory 
could postulate more elegant and complete 
empirical specifications of their positions. 
While the results here must be viewed as a 
first step, it appears doubtful that more 
elegant specifications will overturn the prin- 
cipal findings here,” 

Perhaps the most striking aspect of the 
empirical tests is the clear-cut nature of the 
results. First, among OPEC countries, the 
partial market-sharing cartel model could not 
be rejected for all 11 countries, whereas fre- 
quent rejections are observed for the other 


- theories. Second, in terms of the ability of 


Pare Ii 


the various models to explain production, 
the partial market-sharing cartel model dom- 
inates the competitive model. Third, in com- 
parisons with 11 non-OPEC countries we 
observe the opposite tendency—the competi- 
tive model could not be rejected for 10 of the 
11 non-OPEC producers. 

This prompts the all important unan- 
swered question: “If OPEC is indeed a cartel, 
why have Friedman’s predictions proven so 
wide of the mark?” Traditionally, economists 
have viewed cartels as fragile entities with 
limited power to raise price appreciably 
above competitive levels and, if successful 
for a time, unable to sustain such increases 
over the longer run. Why do OPEC countries 
ostensibly follow some form of market-shar- 
ing behavior, especially since many of them 
have very small market shares and large in- 
centives to cheat? Hopefully, future research 
will provide a richer cartel model, better 
capable of explaining the surprising stability 
of OPEC. 


20 Interestingly, C. W. Hope and P. H. Gaskell (1984) 
reach a similar conclusion using an optimal control 
approach. 


“Sor, 
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Further Results on Inventories and Price Stickiness 


By RICHARD A. ASHLEY AND DANIEL ORR* 


The objectives of this paper are first, to 
sharpen a microeconomic definition of price 
stickiness and to offer criteria for its presence 
and indications of its potential magnitude; 
second, to distinguish two motives for hold- 
ing inventories: production smoothing and 
uncertainty buffering: and to show how price 
stickiness may accompany the first of these 
in the monopoly firm; and third, to develop 
a model in which inventory backorders play 
a minimally significant part. Our efforts are 
in part an elaboration or extension of Alan 
Blinder’s 1982 paper, which initiated the “in- 
ventory control and price stickiness” discus- 
sion, but which focused on uncertainty 
buffering. As in that paper, substantive at- 
tention here is confined to the case of a 
monopoly supplier. 

By focusing on monopoly behavior exclu- 
sively, we are ignoring questions of social 
optimality, since the competitive framework 
requisite for comparison is missing. But de- 
spite the neglect for now of those welfare- 
related questions, there are interesting issues 
to be found entirely within the domain of 
monopoly. As in Blinder’s paper, the central 
question is: does an intertemporally optimiz- 
ing monopolist generate a price sequence 
that looks “sticky?” Our shift in focus from 
uncertainty buffering to production smooth- 
ing adds, we think, substantially to the inter- 
est of that question, and to the ability to 
answer. it interestingly. 

When are a monopolist’s prices sticky, and 
when are they responsively flexible? That is 
not a trivial question. Much of the discussion 
of price stickiness (and the related issue of 
administered prices: see Gardner Means, 
1975) seems to be based on a view that if 


*Assistant Professor and Professor, respectively, 
Department of Economics, Virginia Polytechnic In- 
stitute and State University, Blacksburg, VA 24061. The 
useful comments of Douglas McTaggart, Warren Weber, 
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shocks or shifts in demand or cost occur 
more frequently than changes in price, or if 
the price changes that are made in response 
to shocks are smaller than comparative static 
analysis indicates they should be, then prices 
are sticky. The implicit conclusion is that the 
monopolist fixes price in order to exploit the 
market, or to deter entry. 

That outlook, as we will show, overesti- 
mates the optimal degree of price responsive- 
ness by an inventory-holding monopoly. A 
firm’s optimal prices and outputs cannot be 
described as a sequence of independent one- 
period static solutions, because interperiod 
dependencies arise from current production 
for future sale, a pattern that is created by 
carrying inventory. Price behavior when time 
periods are linked should not be expected to 
resemble that which would be generated in a 
sequence of independent static equilibria. 

The effects of temporal interdependency 
on price movement are worth analyzing be- 
cause the analysis gives a clearer idea of the 
patterns which are a natural part of optimiz- 
ing behavior in the monopoly firm. Blinder’s 
contribution was to show that prices move 
less than comparative static analysis predicts 
in the uncertainty buffering monopoly. But 
they do move, and in predictable directions. 
What we will establish here is that inventory 
management for production smoothing can 
lead to pricing behavior that.contains genuine 
surprises, behavior far more in keeping with 
a reasonable meaning of “price stickiness” 
as the term is used in macroeconomic discus- 
sion. The price stickiness that we will look 
for is here given as 


Definition 1: A price is sticky if it fails to 
adjust at all despite changes in the predicted 
values of cost or demand parameters; or if 
cost or demand shocks, whether foreseen or 
unforeseen, appear to elicit no price re- 
sponse; or if price moves up when compara- 
tive static analysis indicates it should move 
down (or vice versa.) 


#\ 
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Definition 1 focuses on the presence and 
direction of price changes; by contrast, 
Blinder’s contribution was to observe the 
‘diminished magnitudes of price changes when 
inventories are used to buffer scochastic 
shocks; his discovery might bette: be de- 
scribed as “price sluggishness.” 

In relying upon the certainty-equivalent 
model pioneered by Charles Hot et al. 
(1958), Blinder was forced to accept two 
consequences that we seek to avoii: 1) his 
model implies that inventories will fre- 
quently be negative, that is, the irm will 


` persistently be backordered; and 2) zhe focus 


is upon price, output, and invertory re- 
sporises to purely random demanc fluctua- 
tions or to a stationary [AR(1)] Stochastic 
demand process; the firm in that model can- 
not readily form optimal plans to meet sea- 
sonal demand peaks or other forecasted non- 
stationary demand changes. Our model, by 
contrast, will be free of those weaknesses, 
but in turn is unable to buffer in the presence 
of stochastic demand. 

The precise sense in which we use the 
terms “buffering” and “smoothing” is given 
by 


Definition 2: To “buffer” is to accommodate 
or offset movements in demand thac are pro- 
duced by a stationary stochastic process. 


Definition 3: To “smooth” is to eccommo- 
date or offset movements in demand which 
are forecast with certainty, and which may 
be nonstationary. 


Our first major result, to be dev=loped in 
Section II, is that actual. price sticFiness per 
Definition 1 is a possible consequence when 
price, output, and inventory are managed for 
optimal production smoothing in a mo- 
nopoly firm. We work in a dynamic, full- 
certainty model which has had a venerable 
place in the literature but little recent use. In 
Section I we use that model to develop re- 
sults on planning horizons, which undergird 
the subsequent analysis of pricing. behavior. 
The exposition of Section I not only pro- 
vides necessary background, it also reveals 
the structure of the production smoothing 
process. 
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I. Inventories, Horizons, and 
Production Smoothing 


Our model goes back to the late 1930's, 
when Edwin S. Shaw (1940) analyzed. the 
effect of inventory on output adjustment 
when demand increases through time. Since 
then, the model has found a range of uses, 
most conspicuously in the major paper of 
Franco Modigliani and Franz Hohn (1955) 
and in Kenneth Arrow, Samuel Karlin, and 
Herbert Scarf (1958; for example, chs. 4 and 
5). In those earlier applications the model 
was used to determine a firm’s optimal pro- 
duction response when demand is nonsta- 
tionary, or when the fluctuation pattern is 
dominated by a deterministic seasonal or 
cyclical component. Those earlier applica- 
tions treated demand as a sequence of quan- 
tity requirements through time, and price did 
not enter as a decision variable. In our ver- 
sion, price and output are both explicit in-. 
struments of the firm.! 

One major result will be exploited heavily 
in the following: except in some instances 
when demand is monotonically increasing 
through all future periods, an endogenously 
determined optimal horizon will exist, and 
the optimal price-output-inventory policy can 
be found up to that horizon without refer- 
ence to any demand or other information 
concerning periods that lie beyond it. (This 
result was first published by Modigliani- 
Hohn, and elaborated by Abraham Charnes, 
Jacques Dréze, and Merton Miller, 1966; 
Dwight Lee and Orr, 1977; and others.) In - 
this section, the conditions which locate an 
optimal horizon will be described, and an 
optimal price-output-inventory plan will be 
qualitatively characterized up to the optimal 
horizon. From that characterization we will 
see how a planned sequence of prices adjusts 
optimally to a forecast pattern of demand; 
and also how the optimal price sequence 
adjusts to a demand shock, defined as a 
change in a demand parameter within the 
optimal horizon, but which is detected only 
after the price-output program is under way. 


1The results of this section are developed differently 
by Dwight Lee (1972). 
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Our analysis can incorporate foreseeable 
variations in both cost and demand, but for 
simplicity we will treat cost as constant 
through time. 

The precise nature of an optimal horizon 
is brought out in these definitions: 


Definition 4: A forecast horizon, denoted F, 
is the most distant future period through 
which the firm has demand forecast informa- 
tion in reliable deterministic form. 


Definition 4 depicts a firm that knows the 
demand function for its output over all con- 
secutive future periods, up to and including 
period F. Hereinafter, F is finite. 

With F as the forecast horizon, and with 
x, and s, the values of output and sales in 
period 1, our initial statement of the firm’s 
objective is 


(1) Maxr 
x20 
s20 


F 
a pB O'R (s,)-C(x,)—A-L], 


t=] 


subject to the constraints 


(2) T,=In+ £ (x;—s;) 20, 


j=1 
t=1,...,F—1 
F 
(3) Ir= h+ oe (x;—s;)=0, 
j=1 
R,(s,) =8,-D,(s,);_ d’R,/ds? <0, 


where J, is inventory? on hand at the end of 
period 1; D, is the demand relation in period 
t (which shifts from period to period in a 


?Throughout our analysis, as in most of the vast 
existing literature on inventory theory, the term inven- 
tory refers to holdings of finished goods. Input materials 
and work in process usually are ignored. 
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known way); R, is sales revenue; C is the 
cost of producing goods for placement in 
inventory (with C’>0, C”>0); h-I, is the 
cost of maintaining inventory throughout 
period 7; and @ is the. discount factor. We 
select a linear relationship between inventory 
levels and inventory cost for two reasons: 
because it has been a widely used—indeed, a 
standard—representation in the literature of 
inventory theory;? and because it has been 
found by Blinder (p. 347) to cause strange 
output responses in the linear-quadratic firm 
of his certainty-equivalent stochastic model. 

The nonnegativity constraints on inven- 
tory are crucial. Without them, the firm could 
embark on a program of unlimited back- 
crder accumulation, selling goods today with 
the promise of future delivery, and with un- 
limited deferral of production. 

In contrast to the nonnegativity con- 
straints imposed here, Blinder’s formulation 
explicitly allows negative inventories. In fact, 
David Schutte notes that Blinder’s model is 
better viewed “as a model of optimal order 
backlogs” (1983, p. 815), than as a model of 
optimal inventories since the stationary level . 
of inventories in his model is negative 
whenever production is positive. 

The zero-inventory constraint at the end 
of the forecast horizon (Ip = 0) is innocuous. 
Some specific value of J, must be selected to 
close the solution for an optimal x,,..., Xp 
and s,,...,5,. But any nonnegative value 
could be chosen.4 

With that apparatus in place, we proceed 
to 


Definition 5: An optimal program over the 
horizon F is the sequence of sales and out- 
put decisions that solves the constrained 
maximization problem ((1)—(3)): 


D*(F) = (s¥, x¥,..., 5%, x). 


3Useful brief discussions of the costs of holding 
inventory are found in Holt et al. and in George Hadley 
and Thomson Whitin (1963). 

*The optimal horizon might be displaced in time if a 
different condition, for example, I; =Q>0, were 
imposed. J; =0 is natural, however, barring special 
reasons for choosing a different value. 
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Definition 6: A truncated optimal program, 
with truncation at K, 


D#(F) = (s#, x¥,..., 82, x7), 


is the first K periods of the F-period optimal 
solution, K < S. 


We are now ready for the punch-ine: 


Definition 7: An optimal horizon accurs in 
period T if and only if 


D#(F)=D*(T) 


and Dž_ę(F)+ D*(T- K), 


K=1,..,T-1. 


Thus, an optimal program throvgh period 
T, which disregards available forecast infor- 
mation for periods T+1 througk F, coin- 
cides with the T-period truncatien of the 
optimal program over the forecas: horizon; 
and if T is an optimal horizon, that coinci- 
dence occurs in no earlier period When T 
has been located, information fcr periods 
beyond T is in a sense superfluous. 

It remains to state 


LEMMA: In an optimization proElem of the 
form ((1)-@)), there will always ex-st an opti- 
mal horizon T < F. 


PROOF: 
By familiar Kuhn-Tucker procedure, the 
Lagrangian - 


F-1 


3 t 
L(x,s,A,p)=a+ YO fit > a) 
j=l 


t=1 
talis E] 


yields the first-order conditions 
F-1 


L,=-6' C(x,)-h Ye 
j=t—-1 
F-1 
+ VA;+H=6, x,20, 


j=t 
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or L, <0, x,=0, Peli 
F-1 
L,=0' R(s,) th L 0 
jati 


or Ly =0, A,20, BSL oud oA; 


F 
L,=Ip+ ¥ (x,-5,)=0. 
t=1 


These conditions are sufficient under the as- 
sumed concavity of all the R,, and convexity 
of C. 

We first find a solution which ignores the 
nonnegativity constraints on sales, output, 
and inventory, but which preserves the con- 
dition J,=0. That solution will have the 
structure 


(4) C(x,)=Ri(s,), 
(5) C(x) =O-1[C'(x,_1) +h] 


= slean E | 


j=1 


W 


(6) I= 2 (s,— x). 


t=1 


In every period, marginal sales revenue equals 
marginal production cost. Production is ar- 
ranged through time in such a way that the 
marginal unit produced in this period costs 
as much as the marginal unit produced last 
pericd and carried into this period. And the 
final inventory constraint holds. 

By the monotonicity of C’, we have from 
(3) that 


j=1 


(7) (cr forletaen Zo] 
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A solution, ignoring the nonnegativity con- 
straints, then can be obtained by choosing a 
value of x,, which immediately by (7) implies 
values of x,...,X,, and by (4), values of 
Sy)-+-5Sp. The search is for an x, which 
satisfies (4), (7), and (6). The search is 
straightforward because C’ and R’ are mon- 
otonic. If, upon completion of this search, 
it is found that x, and s,>0, t=1,..., F, 
and J,20, +=1,...,F-—1, then the 
optimization problem is solved. The opti- 
mal horizon T coincides with the forecast 
horizon F. 

However, suppose that one or some com- 
bination of those constraint conditions is 
violated. We rule out s,<Q and x,<0 on 
these grounds: our solution would call for 
s,<0 for ¢<Z only on occasions when de- 
mand takes such a large upward jump in 
period L that it swamps all earlier demands 
in its profit implication. Setting sales nega- 
tive in periods up to L is a mechanical 
response whereby inventory entering that 
period of extraordinary demand can be made 
adequate (marginal production costs must be 
sharply rising to induce those negative sales 
in earlier periods). We rule out this possibil- 
ity as untypical. Negative outputs (x, <0) 
can occur if beginning inventory J is of the 
same or greater magnitude than the total 
revenue-maximizing sales sequence. Given 
that the zero terminal inventory for this deci- 
sion sequence is the beginning inventory of 
the next decision sequence, that possibility 
cannot be recurrent and so we ignore it. 

We are left with the possibility of negative 
inventories within the planning period: I < 0, 
A>0 in one or more periods between 1 
and F. 

Suppose that, associated with the con- 
straint-ignoring solution satisfying (4)-(7), 
negative values. of inventory are observed in 
(say) period q, then later in period r. The 
response is to impose condition (6), summing 
to q, not F; this is done by increasing x, 
(and ae by (7), X2,-..,%q), and reducing 
Sis- , preserving the ‘conditions (4). At 
period: 4+1, a new output and sales se- 
quence is begun with beginning inventory 
T,= 0; that sequence terminates in period F 
with zero inventory. Again, in some inter- 
mediate periods between g and F, negative 
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inventories might be observed; they would 
certainly occur in r if anywhere. The first of 
those negative inventories is eliminated, just 
as I, <0 was corrected. The sequence up to 
period q, resulting in J,=0, will be part 
of an optimal and’ feasible program over 
1,..., F, and q will demarcate the optimal 
horizon T, only if the condition 


(8) C%(Xg41) < O71 [C'(x,) + A] 


holds after a feasible program has been de- 
veloped over the entire planning interval. If 
(8) does not hold, it will pay to increase x,, 
maintain the first-order conditions (4) and 
(7), and pass through period q in such a way 
that J,>0. At some later period T before 
period’ F, a zero-inventory condition will 
occur, and the condition 


(8) C’(x741) <0 [C'(xp) +h] 


will be satisfied for that period in the optimal 
program. A reduction in output in some | 
periods beginning with 7'+1 will be neces- 
sary in order to satisfy the terminal inven- 
tory condition (6); that output reduction as- 
sures that (8’) will hold. Once the condition 
(8°) is established at T= q or later, an opti- 
mal horizon is located at T. 


Properties of optimal behavior can be 
studied by reference to that truncated pro- 
gram. Hereinafter we will assume that the 
optimal horizon T has been located, and we 
will focus on the firm’s optimal decisions in 
its program over the T-period horizon. We 
will thereby be spared further concern over 
satisfying the constraints (2). 

The existence of an optimal horizon is not 
a useful fact to one who is concerned with 
solving real world programming problems; 
as we have seen, the optimization routine 
must be carried out as far into the future as 
available information permits before the 
presence of the optimal horizon can be 
located with complete assurance. However, 
knowledge that the horizon exists, and of the 
conditions that must hold up to and at the 
horizon, is useful in exercises like this- one, 
which explore the properties of optimal solu- 
tion sequences. 
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Because of the first-order conditions and 
constraints that must hold in and between all 
periods up to an optimal horizon, £ typical 
intrahorizon pattern will involve a sequence 
of low-demand periods during whica inven- 
tory is accumulated, followed by a sequence 
of a higher-demand periods during which 
inventory is sold. The horizon will ocur only 
between two periods in which thre is a 
reduction in demand, or a slowdown in the 
rate of increase of demand. If the fi-m faces 
a pattern in which the demand rate peaks in 
the first period, then a horizon will sccur at 
the end of the first period (unless initial 
inventory is high), and the remaining. periods 
will be a separate planning problem. 

Although full certainty, the modd we use 
here resembles Blinder’s certainty-equivalent 
formulation. In neither case does he vari- 
ance or any higher-order moment ef future 
demand play any role in determinmg opti- 
mal behavior. His objective furction is 
quadratic in revenue and sales: with notation 
changed to resemble ours in the following, 
it is 


foe) 
Max Er =E}, o'-1[s,(a- Bs, +©)—ax, 


t=] 
a b(x,-%)'— hl, -(E/2 2], 


where e is an identically independently dis- 
tributed or AR(1) process, and a, B, a, b, 
h,, and h are demand and cost parameters. 
Because of the quadratic structur of the 
objective, only the mean value of future e’s 
enter the calculation; however, the program 
must be recomputed every perioc to take 
account of the immediate past pericd’s reali- 
zation of e. Thus Blinders mod-l, which 
stands in precisely the same relation to Holt 
et al. as ours does to the earlier Modigliani- 
Hohn, is addressed to the problems that arise 
when the principal element of demand 
fluctuation is its error component. 


Il. Price Stickiness 


We are now ready for the centra result of 
this paper. 
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THEOREM 1: In an output smoothing firm, 
price stickiness can be observed when demand 
is foreseen to decrease. It will never be observed 
when demand is foreseen to increase. 


PROOF: 

Let the firm operate according to an opti- 
mal plan over the optimal horizon interval 
{1,7 ]. Let ¢ and t+1 be adjacent periods 
within the interval, and let D, = D,,,, that is, 
the demand curve is the same in periods ¢ 
and t+1. From the first-order conditions (4) 
and (5), the realized values of marginal reve- 
nue must satisfy 


(9) R(sA.1)=[R (st) +2] /8, 
where the asterisks denote optimal values. 
Because the R’ functions are the same, 0 <1, 
and R” <0, it must be that s*,<s*; and 
hence price must increase between periods: 
p*..> př. That tendency for prices: to in- 
crease can be manifested as sticky pricing 
behavior. Suppose that demand shifts down- 
ward from period ¢ to period ¢+1, so that 
the marginal revenue curve in t+1 lies be- 
low the marginal revenue curve in ż. But 
even with that shift, we see from (4) and (5) 
that necessarily 


Risa sir) = [Ri(st)+h]/8, 


which in turn necessarily implies that s*,.,< 
s*, and hence possibly that p#,,> př. This 
possibility—a downward demand shift ac- 
companied by higher price—has no symmet- 
ric counterpart. Under no circumstances will 
we find p*,, < př following from an upward 
shift in demand. 


This result illustrates that within an opti- 
mal planning horizon, there is a tendency for 
price to increase through time. As we have 
already seen from the first-order conditions, 
the optimal plan within a horizon calls for 
the accumulation of inventory during earlier 
periods when demand is low, and the draw- 
ing down of inventory later when demand is 
high. Small “local” downward shifts in de- 
mand during the time of inventory accumu- 
lation may in the optimal plan evoke no 
reduction in price, only a greater rate of 
accumulation of inventory. 
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HI. The Magnitude of Stickiness in 
a Linear-Quadratic Firm 


To quantify and further clarify the im- 
plications of this tendency for price to drift 
upward within a horizon interval, we pro- 
ceed with an example involving a linear de- 
mand curve and a quadratic and linear cost 
structure. 

At the beginning of period 1, a production 
and sales schedule is implemented up to the 
firm’s optimal horizon at the end of period 
T. Production and/or sales rates are changed 
at the beginning of each period, for example, 
Monday morning every week. Period t’s price 
is given by a demand structure of the form 
P, = &,— Bs, where B is the temporally con- 
stant slope of the demand curve, and shifts 
in demand come about through changes in 
the intercept a. 

- Total production cost in period ¢ is ax, + 
b(x,-%)*; x,>0. This specification is a 
general quadratic which explicitly embodies 
the minimum point of average production 
cost, X. The coefficients a, b, and X do not 
change through time: the analysis is short 
run. There is no cost of changing the rate of 
production from period to period. 

With an initial inventory holding of J, > 0, 
the period ¢ ending inventory is I, =+ 
L5=1(x;~ 5;) and inventory-holding cost is 

“I. 


To reduce clutter, let the discount factor 8 
equal one.° The objective is 


T 
(1) Maxa= X {(a,- Bs)s,— ax 


— b(x,- %)—h-I,} 


and s,>0, x,20 (¢=1,...,7), 1,20 (t= 
1,. TS 1), and J, =0 are satisfied because 
T is the optimal horizon. 

The first-order conditions are 


(10) m, =-a-2b(x,— 3) 
—h(T—t+1)=0 
(11) 2, =a,—28s,+h(T—1t+1)=0 


5 From (9) we see that inclusion of discounting would 
only increase the magnitude of price stickiness observed. 
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for t=1,..., T, and we also have that 
T 
(12) + © (x,-s,) =0. 
r=1 


The relations (10), (11), and (12) imply that 


(13) x, =(@+2b% — a)/2(b+ B) 
— BI, /T(b+ B)—(T-1)h/4b 
(14) Ax,=x,4,—-x,=h/2b 
(15) s,=(2b% —a)/2(b+ B)+a,/2B 
— ab/2B(b+ B)+bI,/T(b+B) 
+(T-1)h/4B 
(16) As,= (Aa, — h)/28 
(17) py =, /2— B(2b% — a) /2(b+ 8) 


+ &b/2(b + B)—Bblp/T(b +B) 
~(T-1)h/4 


(18) Ap, = (Aa,+h)/2, 


where a= 


T 
TÈ o, 
t=] 


The expressions (13)-(16) generate se- 
quences x and s which satisfy the first- 
order conditions (10) and (11) and the con- 
straint (12). 

To better isolate the effect of inventory 
holding insofar as price movements are con- 
cerned, we compare the price histories of 
two firms with identical intertemporal linear 
demand structures and identical quadratic 
costs of production. One firm holds inven- 
tory, with the consequences exhibited in 
(13)-(18), while the other neither holds in- 
ventory nor sustains any inventory-associated 
out-of-pocket costs. 

In a linear-quadratic firm which cannot 
hold inventory, the objective function is (1), 
with x,=s, and the cost-of-inventory term 
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deleted. The optimal price change mule is 
(19) Ap? = (2b +8) Aa,/2(b + F). 


(This follows immediately from the-analogue 
of equation (10).) Comparing the irterperiod 
price changes induced by interperind move- 
ments in a in the two cases, we see =rom (19) 
that, without inventory, the price change al- 
ways takes the same sign as the chenge in a, 
and the magnitude of Ap? is always greater 
than the magnitude of Aa,/2. W2th inven- 
tory holding as a part of the optmal pro- 
gram: 

(i) a shift upward: in demard always 
- yields a price increase larger than aa, /2; 

(ii) a small downward shift iz demand 
(with |Aa,| < h) yields a small price increase; 

(iii) a larger downward shift ia demand 
(with |Aa,| > h) yields a price reduction, but 
one smaller in magnitude than |Ac|/2. 

Thus, prices respond more sluggishly to a 

reduction in demand than they Jo to an 
increase in demand, and price mzy exhibit 
sticky behavior when the demand reduction 
is small. 


IV. Replication and Extension-of 
Blinder’s Major Results 


Our model straightforwardly yidds Blind- 
er’s important conclusions. This cispels the 
idea that linearity of the invento-y-holding 
cost function is limiting, or leads 70 unusual 
patterns of optimizing behavior, a: he finds; 
more positively, it offers reassuring evidence 
regarding the robustness of his resalts. 

Notationally, we have already used Aa, 
As,, etc. to denote shifts in exogenous or 
controlled variables that occur between peri- 
ods. We now introduce da, as a change from 
the forecast value of a within per.od t, this 
change being foreseen at time 7—1 (the 
beginning of period ¢) or earlier. but after 
time 0; or perhaps not being fore-cen at all. 
This type of change seems to coaform rea- 
sonably to the notion of a “shock”. 

If such intraperiod demand changes are 
foreseen before they occur, the firn in effect 
is faced by a new optimization problem based 
on a new forecast of demand Coefficients: 
whereas the old forecast sequence was { a, }, 
the new forecast sequence is {a,+ 8a,}. If 
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the changes occur subsequent to time J and 
they are foreseen at time J, then the new 
problem is 


T 3 
Max L (l+ da;)— Bs,] S7 aX, 
XEN ʻ=J+1 


t 
aale > T) 
j=J+1 
subject to Ip =0. We assume for now that 
the vector of shocks Sa, does not displace 
the original optimal horizon TS 
Alternatively, if an unforeseen shock oc- 
curs in period J, and no shocks are foreseen 
subsequent to J, the objective is 


T 
Max ys ((0,- ae ax, — b(x,—%)° 
x20 pos4l 


=| . X œz) 


subject to I; = 0. 

From (13)- (18) we` discover that, with 
foreseen shifts in demand during periods J 
=1,..., T, the responses in those periods are 


(20) x,=8a/2(b+ 8) 
(21)  8s,=da,/2B — bda/2B(b+ B) 
dp, = 8a,/2+ b8a/2(b + B) 
where 
T 
(22) a= }, ba,/(T-J). 
t=J+1 


Note that output does not change when 
a= 0. If subsequent demand shifts sum to 
zero, that is, if demand is rearranged through 


SA displacement could occur if the Sa, induced 
larger sales, and caused inventory to go negative before 
period T, for example. 
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time but unchanged in total quantity, then 
there is no adjustment of the output sched- 
ule. Blinder asserts that demand shocks will 
not affect output if inventory-holding cost is 
linear; only shock patterns which satisfy the 
condition da = 0 will conform to his finding. 

Otherwise, when there is an increase in 
total demand from the foreseen pattern, out- 
put increases in every period, sales increase 
in periods when Sa > 0 and diminish in peri- 
ods when ĝa < 0, and increase overall; and 
price has added impetus to rise: only when 
da is negative and sufficiently large in 
absolute magnitude is price lower than in the 
original schedule. 

When a demand shock is not foreseen its 
effect is transmitted through Z,. We see from 
(13)-(18) that for t = J+1,..., T, 


(23) 8x,=—f8I,/[(b+8)(T~-J)], 
(24) 8s,=b81,/[(b+B)(T- J), 


(25) 8p, = — bB6I,/[(b + B)(T- J). 


When continuing inventory is smaller than 
originally planned (8J, < 0), output and price 
are increased and sales reduced in every 
period, compared to the original optimal 
plan. This does not mean that a positive 
value ôl, always yields an actual price 
reduction from period J—1 to period J; it 
only means that the revised p, is smaller 
than was planned at the beginning of the 
optimal horizon. 

If the optimal horizon is lengthened or 
shortened by the pattern of demand shocks, 
the effects can be seen directly in (20)-(25), 
by substituting 7* (the new value of the 
optimal horizon) for T. 

For the instances analyzed here, with T 
unchanged, we have seen the following. 

(a) A positive-valued total shift in de- 
mand during period J causes an increase in 
price, output, sales, and a reduction in inven- 
tory investment x, —s,. This result is identi- 
cal to Blinder’s Proposition 1. 

(b) Per his Proposition 3, the more per- 
sistent the shock (ceteris paribus, the larger 
the increase in 6a), the greater the respon- 
siveness of output and price and the less the 
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responsiveness of sales and inventory invest- 
ment. 

Blinder’s Proposition 2 relates the respon- 
siveness of sales and price to changes in the 
storability of output, measured by the curva- 
ture of his quadratic inventory holding cost 
function. We find it more natural to interpret 
the level of marginal holding costs as a mea- 
sure of the storability of output, but neither 
model yields easily interpretable comparative 
dynamic results with respect to that storabil- 
ity measure. 


V. Interpretive Remarks and Caveats 


In Section II it was seen that the firm’s 
response to a shock-free, perfectly foreseen 
pattern of demand fluctuation can indeed 
generate price stickiness, using Definition 1. 
And although demand shocks (as defined in 
Section IV) will displace the optimal price 
sequence that was originally planned over 
the horizon, the displacement caused by a 
demand-reducing shock may not be sufficient 
to bring about an observed price reduction 
in subsequent periods. 

How reasonable is it to suppose that 
inventory management as in Section II offers 
a primary explanation of price stickiness? 
The conditions (/)-(iii) of Section III sug- 
gest that to find out, we compare the magni- 
tudes of interperiod changes in a, the inter- 
cept of the linear demand curve, and A, the 
marginal and average cost of holding a unit 
o finished goods in stock for one period. 

In the short run, the principal component 
of storage cost k is the interest charge on 
inventory investment. Other elements in- 
clude spoilage or pilferage (to the extent not 
covered by insurance), obsolescence (as with 
style or seasonal goods), handling costs 
(which probably rise less than linearly with 
quantity stored), and taxes and insurance 
(either of which may be more in the nature 
of overhead costs than direct costs). A firm 
may also elect to hire storage space rather 
than invest in its ownership; symmetrically, a 
firm that owns storage space has the option 
of letting it. Depending on the nature of the 
space lease contract, actual or imputed 
charges for space could be another compo- 
nent of the direct cost of holding finished 
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goods. The capital costs of storage space are 
borne by the firm, and the more nearly per- 
fect the rental market for space, fhe more 
nearly it is true that the capital cat varies 
directly with the level of the firm’s own 
inventory. 7 
We assume that this market for storage 
space is imperfect, so rental contracs call for 
fixed amounts of space over long periods of 
time. Storage space costs then do aot enter 
into the holding coefficient h. The magnitude 
of A at current interest rates might then be 
approximately 20 to 25 percent of average 
production cost, calculated on ar annual 
basis. If the scheduling interval is a month, h 
is on the order of 1.6 to 2.1 percert of unit 
production cost; if a week, .38 to .4€ percent. 
’ Suppose that in our monopoly firm the 
intercept a is on the average twice æ large as 
market price, and that market price is about 
twice the average production cost. The inter- 
cept is then sixteen to twenty times the an- 
nual holding cost. Then any weekly demand 
reduction (shift in a«a) smaller then .1-.12 
percent, or any monthly reductioa smaller 
than .41-.52 percent, will cause no price 
reduction whatever if the discount factor @ is 
close to one. These are not large reductions 
in demand; if they persist, they cumulate to 
only 5 to 6.25 percent over the caurse of a 
year. These magnitudes, which camot plau- 
sibly be vastly increased, make it appear to 
be well worth looking beyond iaventory- 
holding behavior for additional explanations 
of price stickiness in the monopoly firm. 
These are the immediate implications of 
the comparison of Aa to A, all ce-eris pari- 
bus: 
1) Prices will respond more when de- 
mand increases than when demand falls. 
2) The flatter the demand curs and the 
smaller the price-cost markup, the more slug- 
gish and sticky prices are.’ 


7This condition is a peculiar one, and irticates that 
we should be mistrustful of results which rer to “com- 
petition” when the demand curve in a mon=poly model 
approaches the horizontal. A true compettor has no 
control over price, while a monopolist with highly 
price-sensitive demand will exhibit consideable sticki- 
ness. 
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3) The higher the interest rate, the stick- 
ier prices will be when demand drops, and 
the less sluggish prices will be when demand 
increases. 

4) Assuming maximization of expected 
returns, the probability of obsolescence, 
spoilage, or pilferage of stored goods affects 
price response just as the interest rate does. 

5) A rise in storage space rents (for 
example, in response to increasing site val- 
ues), a decrease in the “thinness” of the 
market for storage space, or an increase in 
the sophistication of the contracts to let such 
space, all affect price stickiness /sluggishness 
in the same way as a rise in the interest rate. 

6) The prices of goods that are particu- 
larly hard to handle or expensive to store 
because of weight or bulk per dollar of value 
will respond as though to a high interest rate. 

Four caveats seem to be worth recording. 
First, our analysis, like Blinder’s, focuses on 
the pricing policies of manufacturers. A 
model of behavior at the retail level involves 
an entirely different analytic structure, largely 
because the retailer is concerned with costs 
of holding and procurement, not with costs 
of holding and production. If we include a 
retail trade sector, or any “multistage” struc- 
ture of inventory maintenance (Scarf, 
Dorothy Guilford, and Maynard Shelley, 
1963), we should note that the likely effect of 
inventory maintenance at the retail level will 
be to amplify short-term fluctuations in con- 
sumer demand before transmitting them to 
the manufacturer (Orr, 1963). Longer-term 
swings should not be affected appreciably by 
retailer’s holdings. But the increase in short- 
term fluctuation caused by decisions at the 
retail level weakens inventory cost as a 
primary explanation of stickiness in manu- 
facturers’ pricing behavior, because it makes 
the uncertainty buffering motive more im- 
portant and the smoothing motive less im- 
portant. 

That leads to our second caveat: the re- 
sults we obtain here, which include actual 
downward stickiness of prices, stem not only 
from our linear holding cost assumption but 
also from our full-certainty assumption. It is 
not easy to move into a stochastic demand 
setting with linear holding costs, because the- 
nonnegativity constraints on inventory rule 
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out certainty equivalence.* Without those 

- constraints linear holding costs lead to in- 
finitely large order backlogs, and without 
certainty equivalence, stochastic models yield 
explicit solutions only grudgingly. 

By way of contrast to our full-certainty 
model, in a more explicitly stochastic setting 
the decision sequence would be reviewed once 
per period and revised to compensate for the 
realized stochastic demand component in the 
period just ended, which affects initial inven- 
tory holdings in the current period; and also 
to compensate for revisions in demand fore- 
casts. If the revised plan always looks a 
constant number of periods into the future, 
or if in each period the planning problem is 
reformulated with an ‘infinite horizon, the 
firm will always be in the first period of a 
plan of unchanging duration. In that case the 
effect of inventory on price that was a central 
element in the proof of Section II will be 
swamped, so that the downward price sticki- 

. ness noted there no longer can be expected 
to occur. However, if the firm plans toward 
an unchanging horizon, as might happen with 
a strong seasonal peak, the transient effects 
could be small relative to the upward price 
drift which accompanies movement toward 
the horizon, and stickiness might be ob- 
served, 

Third, the focus on finished goods inven- 
tory, with the exclusion of materials and 
work in process, is a convenience in model- 
ing, but it may occasionally give rise to de- 
ceptive conclusions. The more tightly that 
finished goods inventory is controlled, that 
is, the less variation theré is in inventory 
level or usage, the more we expect to see the 
output rate fluctuate. Wider fluctuations in 
the output rate may call for higher average 
holdings of materials or work in process. It is 
not proper to treat inventory at all stages as 
a single capital good, because the inventory 
conservation identity I, = I,_,+x,—s, can- 
not hold in physical unit terms if F, contains 
stock at all levels of completion; nor, even 
after allowance for purchases and value- 
added at different stages, is there any admis- 


®See Holt et. al., ch. 6. 
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sible single-constraint representation of in- 
ventory conservation in value terms. To 
accommodate inventory at n stages of com- 
pletion, it is necessary to include n con- 
straint equations. 

Fourth, we note that it has for the most 
part been macroeconomists who have incor- 
porated price stickiness in their modeling 
exercises, and who have observed prices or 
wages to be sticky. Individual choice behav- 
ior, in this paper and elsewhere, has been 
invoked to explain stickiness; but even if a 
robust and convincing explanation of price 
stickiness can be found at the micro level, 
additional theorizing or empirical work will 
be necessary to carry the explanation for- 
ward to cover stickiness in aggregate data. 
For even though the pricing behavior of indi- 
vidual firms may exhibit stickiness—long 
periods of no change,.punctuated by occa- 
sional significant changes—any aggregate in- 
dex of their prices will change more or less 
continuously, unless the price changes of the 
individual firms are somehow temporally co- 
ordinated (as by price leadership, or by com- 
mon sensitivity to. the price of-a primary 
input resource). The larger the number of 
firms and the less coordinated their actions, 
the less aggregate stickiness will be evident in 
such an index, regardless of how sticky indi- 
vidual firms’ prices may appear to be. 

The model we have used here is probably 
the most supportive of any monopoly model 
that can be found for the view that price 
stickiness is a product of inventory manage- 
ment decisions. We have given that view its 
best chance and at this stage it appears to be 
unsupportable. Further modeling activity 
might examine the consequences of oligopo- 
listic interaction. _ 
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Costly Employment Contract Renegotiation and 
the Labor Mobility of Young Men 


By JOHN J. ANTEL* 


The distinction of quits and permanent 
layoffs remains a contentious issue in the 
labor economics literature. Basically, there 
appear two contrasting views of such turn- 
over. While both interpretations of turnover 


are derived from job-matching models that . 


assume wealth-maximizing behavior of work- 
ers and firms, each involves different as- 
sumptions about the feasibility of individual 
labor contract negotiations following hire. 
On the one hand, application of the Coase 
theorem to employment contracts implies 
that turnover will occur only when the value 
of the worker’s product in some alternative 
employment exceeds current job productiv- 
ity. Since the actual division of the job match 
rent is assumed costlessly renegotiable, only 
the presence of a truly more productive job 
assignment would prevent the renegotiation 
of the current rent-sharing contract to the 
mutual benefit of both worker and firm. The 
likelihood of a job change is thus directly 
related to the level of total match productiv- 
ity irregardless of whether the worker, in 
response to some later survey question, char- 
acterizes the separation as a quit or perma- 
nent layoff. According to this formulation of 
worker and firm attachments, quits and per- 
manent layoffs are, at least in any sense 
relevant to actual resource allocation, indis- 
tinguishable. An implication of this model is 
of course that mobility enhances productiv- 
ity (see Gary Becker, Elisabeth Landes, and 
Robert Michael, 1977). 

Counter to this view stand models of job 
matching that suggest that the presence of 
transactions costs in the form of costly con- 


*Department of Economics, University of Houston, 
Houston, TX 77004. I thank Finis Welch, Dan Mitchell, 
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this paper. 
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tract renegotiations preclude any easy appli- 
cation of the Coase theorem to employment 
contracts. Most forcefully advocated by 
Masanori Hashimoto (1981), these models of 
job matching imply that quits and perma- 
nent layoffs are different. The difference re- 
sults from the fact that, with costly contract 
renegotiation, mobility is to a large extent 
determined by the actual rent-sharing agree- 
ment formulated at the beginning of employ- 
ment. According to this view then, the total 
value of the match does not exclusively de- 
termine job change, and thus not all mobility 
is productivity augmenting. 

This paper offers a model of job matching 
with costly post-hire negotiations in some 
aspects similar to that of Hashimoto, but 
with particular relevance to the population 
of young workers only beginning their labor 
force participation. While Hashimoto’s dis- 
cussion concentrates on longer-term firm- 
specific training decisions, the current model 
focuses on the period immediately following 
hire when worker productivity is to a large 
extent governed by endowed capabilities 
rather than determined by learning on the 
job. The theoretical focus on inexperienced 
workers as well as the corresponding youth- 
ful composition of the empirical sample are 
motivated to control for unobserved factors 
such as firm-specific human capital stocks as 
much as possible. 

In further contrast to Hashimoto’s empha- 
sis, the model yields empirical implications 
concerning the role of wages in the de- 
termination of mobility that contrast to the 
implications of an otherwise similar zero 
negotiations cost model of job matching. 
Derivation of the empirical implications con- 
cerning the relationship of wages to quits 
and layoffs represents the primary contribu- 
tion of this paper. Finally, empirical results 
are presented that, at least for a sample of 
very young men over a short period of time, 
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` tend to support the costly negotiaton view 
of employment contracts and turnoter. 


J. Theoretical Model 


This section outlines a model of job 
matching with costly contract renegotiation 
that generates quits and permanent <ayoffs as 
a result of both match rent-sharirg agree- 
ments initiated at the beginning of employ- 
ment and as the by-product of werker and 
firm learning behavior after initial h-re.! This 
model is then contrasted to a similar model 
without costly renegotiation of emzloyment 
contracts. Both models apply to a pepulation 
of inexperienced young men. Concentration 
on this age group permits us as much as 
possible to abstract from the effects of accu- 
mulated specific training, skill obsclescence, 
and previous job experiences on turnover 
decisions. 

A central assumption is that individual 
worker productivity varies with firm assign- 
ment, and that individual workers differ with 
respect to their comparative adventage in 
employment. It is further assumed that job- 
specific worker productivity is in-perfectly 
known either to the worker or to the firm 
prior to some trial period of work. In 
summary, individual productivity = match- 
specific and an “experience gooc” These 
assumptions are consonant with tLe youth- 
fulness and inexperience of the population 
under study: young workers are relatively 
unknown and heterogeneous productive 
agents. 

The model describes an employment con- 
tract that specifies at the time of hire how 
total match rents are shared between the 
worker and the firm. The primary tehavioral 
assumption of the model is that wczkers and 


'The model was inspired in part by te work of 
Hashimoto (1979, 1981). Much of the notajion and the 
arguments concerning asymmetrical informstion are de- 
rived from him. The models differ with rega.d to certain 
other assumptions and implications, however, since he 
assumes that the level of m reflects investments in 
firm-specific training. Hashimoto’s model more closely 
resembles that of Donald Parsons (1972), although 
Parsons did not explicitly recognize the inzportance of 
transactions costs. 
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firms each try to maximize their own share of 
the rent stream derived from the match. At 
the time of hire, workers and firms are in 
agreement concerning both expectations of 
worker productivity and the likely value of 
alternative job offers. Thus, employment 
contracts based on these preliminary expec- 
tations are feasible. The rent-sharing con- 
tract is specified at the time of hire, but for 
reasons outlined below, renegotiation is 
limited for some time thereafter. Following 
hire, workers continue to receive other wage 
offers and firms become apprised of actual 
worker productivity on the current job. Quits 
result from the worker’s receipt of a superior 
wage offer, while permanent layoffs result 
from the revelation to the firm of less than 
expected worker productivity. 

In contrast to the assumptions of neo- 
classical theory, the “experience good” and 
match-specific nature of worker productivity 
imply that each worker’s wage-offer distribu- 
tion imperfectly approximates the distribu- 
tion of his product over various jobs. This 
wage and productivity discrepancy follows 
for two reasons. First, since productivity is 
imprecisely understood prior to hire, even in 
the presence of competitive forces tending to 
equate wages and expected productivity, 
some initial-offer wages will include produc- 
tivity estimation errors. Second, since pro- 
ductivity is assumed match-specific, in some 
cases match rent may be captured by the 
firm, thus implying wages below actual pro- 
ductivity. 

Tractability mandated some model sim- 
plifications. First, workers and firms are as- 
sumed risk neutral. Second, workers are as- 
sumed unable to discriminate among firms 
on the basis of management ability to guess 
productivity. In fact, I sidestep completely 
any theoretical discussion of compensating 
wage differentials that may result from dif- 
ferences in layoff probabilities or other char- 
acteristics among firms. 

Third, although workers search for better 
jobs and firms assess worker productivity 
during an initial trial period of employment, 
neither of these simultaneous learning pro- 
cesses is explicitly modeled. Rather, the re- 
sults of job search comprising alternative 
wage offers for workers, and the result of 
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productivity monitoring comprising the firm’s 
updated estimates of worker performance, 
are taken as first-period outcomes described 
by simple probability density functions. Quit 
and layoff decisions are then shown to follow 
from the actual realizations of these random 
variables. Such learning processes have been 
more specifically outlined in the work of 
others and will not be discussed here (see 
Steven Lippman and John McCall, 1976a,b; 
and Boyan Javanovic, 1979). 

Finally, following Hashimoto, I maintain 
that the value of alternative job offers is 
known only to the worker as a result of job 
search, and further assume that the actual 
productivity of the match is revealed exclu- 
sively to the firm as a by-product of its 
normal production monitoring activities. This 
double asymmetry of information raises the 
possibility of various forms of opportunistic 
behavior, a potentiality which precludes 
post-hire renegotiation of wage contracts and 
deters the institution of various other incen- 
tive altering contingent payment schemes.” 

The model comprises an initial trial period 
of employment after which workers either 
forever become tenured on the current job or 
switch to some alternative firm. At the begin- 
ning of the trial period, the worker and the 
firm are assumed to maintain consonant ex- 
pectations concerning worker productivity on 
the current job and worker accessibility to 
alternative employments. These expectations 
are similar enough to allow the negotiation 
of an employment contract that stipulates 


?For example, the practices of internalizing exter- 
nalities accompanying mobility by the payment of 
“damages” or matching outside offers, both so skillfully 
discussed by Dale Mortensen (1978) in the context of a 
matching model with known total productivity, are not 
feasible under the present informational assumptions. 
Asymmetrical information implies that firms cannot be 
sure of the veracity of outside offers, nor is any amount 
of damage resulting from quits or terminations public 
information. Other cost considerations could limit re- 
negotiations.: Firms may prefer to negotiate only at 
specified off-peak production times. Worker and firm 
learning out of phase might imply some limit to re- 
negotiation if, for example, the worker received a super- 
ior offer before the firm could accurately assess produc- 
tivity. 
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how the expected match rent will be shared 
by the employer and employee throughout 
the lifetime of the job match. Workers re- 
ceive a wage payment, 


(1) w=H+am, 


where H represents the market value of gen- 
eral human capital, and 0 < a <1 is the frac- 
tion of the expected match rent m main- 
tained by the worker. The firm receives the 
residual share of the expected rent, 


(2) Gain. 


After the first period, receipt of these rent 
shares is conditional upon the effective re- 
affirmation of the contract by both parties 
—the worker does not quit and the firm does 
not permanently layoff the worker. 

In the negotiations prior to hire, worker 
and firm attempt to fix «æ in order to maxi- 
mize the present value of their respective rent- 
share streams. Workers attempt to maximize 
the objective function, 


(3) $,=H+am+1/r{Q-E(ele> am) 
+(1-Q)[L-E(ele< am)+(1—L)am]}, 
while the firm’s objective function is given by 
(4) $=(1-a)m+1/r{(1—-Q)(1- L) 

x[(1-a)m+ E(nn> -(1-a)m)]}. 


The expressions Q and L represent quit and 
layoff probabilities: 


(5) Q= f” gle) de, 
(6) L= fia) an. 


Each objective function represents the sum 
of the trial period payoff plus the discounted 
at rate r present value of the future wage 
stream weighted by the respective separation 
probabilities. 
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Expressions (5) and (6) indicate that, con- 
ditional on a and m, quits and layoffs are 
determined by the values of the randcm vari- 
ables ņ and e. The nonnegative randcm vari- 
able e indicates the per period value of the 
worker’s postsearch best alternative Db rent 
share, while the random variable r repre- 
sents the deviation of the true procuctivity 
on the current job from its initial exp=ctation 
m. The actual value of e is revealec. exclu- 
sively to the worker after the first job period. 
The value of e derives from the worker’s job 
search activity. The value of 7 is revealed 
exclusively to the firm following the cbserva- 
tion of worker performance during ‘he trial 
period. The firm is an unbiased guessor of 
productivity so that E(n) = 0. Functiens g(e) 
and f(n) describe the probability censities 
of these random variables that are essumed 
independent of each other and also indepen- 
dent of H, a, and m. The densitæs thus 


- describe the outcomes of two simulzaneous, ` 


but separate, firm and worker-learnng pro- 
cesses occurring during the initial trial period 
of employment. The model implies that re- 
ceipt of a large positive € by the worker 
elicits a quit, while discovery of a large nega- 
tive ņ by the firm evokes a permanert layoff. 

Although I abstract from any specific dis- 
cussion of the bargaining process d:termin- 
ing a in pre-hire negotiations, some bounds 
may be placed on the Pareto optimel values 
of a within the unit interval. For the purpose 
of deriving these bounds, worker end firm 
objective function first derivatives with re- 
spect to æ are given below with the signs of 
each component given in the underlying 
parentheses. 


ô i 
(7) TaT te Gwe) 


x (1—- Q) (E(ele < am)— am) 
(=) 


+(Q-9)0-z)}, 
(+. 
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(8) mT w 


x e- a)m + E(n\n> (=a) 
(+) 


+T slam 0-1) 


-a-z)0-9)}. 
(-) 


Although the signs of the first and last com- 
ponents of these derivatives are consistent 
with the intuitive notion that workers prefer 
a larger while firms prefer a smaller a, the 
sign of the second component in each ex- 
pression implies that workers and firms may 
be restrained in their choice of maximal a by 
the prospect of increasing the probability of 
some match dissolving action precipitated by 
the opposite party. For example, referring to 
the second term in (7), we see that when both 
the worker’s expected net loss from a layoff, 
or (1— QX E(ele < am)— am), and the sensi- 
tivity of L to changes in —(1— «@)m given by 
f(n) are large, then (7) may become negative 
for some larger values of a. In essence, the 
probability of layoff may become too high 
for large values of a. This implies that 
workers may optimally choose an « less than 
one. Similarly, (8) may become positive if the 
firm expects a large return on the match and 
the sensitivity of Q to changes in am is large 
for some lesser values of a. This latter possi- 
bility implies that the firm may prefer a 
value of a greater than zero. An example of 
such interior maximums is given in Figure 1. 
The model as it stands does not imply a 
unique value of the rent-sharing parameter. 
However, the Pareto optimal set of a’s is 
given by that area bounded by the two a 
values coincident with the individual objec- 
tive function maximums. The final value of a 
will reside in this Pareto interval since values 
of a outside this region imply that both 
parties could be made better off by raising or 
lowering the parameter. To summarize the 
discussion concerning the determination of 
a, we may only conclude that, in the absence 
of some ancillary assumptions, that the des- 
ignated value of a will lie in this Pareto 
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FIGURE 1 


. Note: e and y are distributed normal with p, = 1000, 
By =0, o,=500, 0, = 250, m= 2000, H= 2000, and 
r=.10. 


interval. In Figure 1, this.set is the area 
between af and až. 

Here again the present model contrasts 
with the work of Hashimoto in which workers 
are assumed to maximize joint wealth at the 
time of hire. According to Hashimoto’s for- 
mulation, the initial employment contract is 
determined in two steps. First, the worker 
and firm maximize total joint wealth with 
respect to a and the second-period stock of 
firm-specific human capital acquired through 
training during the first employment interval. 
Second, the separate worker and firm wealth 
streams are determined by the -allocation of 
first-period training costs among the con- 
tracting parties. In effect, this two-step aspect 
of Hashimoto’s investment model separates 
decisions pertaining to the level of training 
or the distribution of second-period training 
payments from the determination of worker 
and firm expected values at the time of hire. 
The current model, however, does not in- 
volve training investment but rather takes 
productivity as given but imperfectly under- 
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stood at the time of hire. Thus, joint wealth 
need not be maximized and, as in the classic 
bilateral monopoly case, some indetermi- 
nancy remains.’ 

Following agreement on some value of a, 
employment continues through the initial in- 
terval; and then, simultaneously at the end 
of the first job period, workers decide whether 
to quit or stay while firms decide whether to 
retain or layoff individual workers. 

During the initial period, workers search 
over alternative employments and receive a 
maximal alternative rent-share offer de- 
scribed by the value of e. If the new offer 
exceeds the current job value am, a quit 
ensues. Since the worker alone invests re- 
sources in job search, I assume that only he 
is apprised of the true value of e. The firm 
maintains its old expectations about the 
worker’s alternative job prospects: The quit 
condition is thus 


(9) e>am. 


A layoff occurs at the end of the first 
period when the deviation of productivity, 1, 
from its original expectation, m, is found 
negative enough to eliminate the firm’s posi- 
tive rent share. This condition is given by 


(10) 


Firms estimate the value of ņ as a by-prod- 
uct of management’s general production 
monitoring and coordinating activities. ‘This 
new productivity information is private to 
the firm, while workers maintain their origi- 
nal expectations about current job productiv- 
ity given by m. 

The privacy of the new productivity infor- 
mation to firms and the alternative job infor- 
mation to workers implies a double asymme- 
try of information that makes renegotiation 
of employment contracts prohibitively ex- 
pensive. Incentives arise for firms to down- 


n<—(1—a)m. 


3It is clear that the optimal social value of a also lies 
in this interval, although the proximity of the final a 
to this value cannot be determined. The model thus 
does not imply that contracts be ex ante efficient. In 
Hashimoto’s model contracts are always, at least in 
expectation, socially efficient. 
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grade reports of worker productiv:ty while 
workers will tend to exaggerate the value of 
alternative offers. These incentives for dis- 
tortion and dissembling in post-hire negotia- 
tions force each party to preserve their initial 
expectations with respect to unobserved val- 
ues of € or n. Firms stick by their initial 
expectations with respect to the likely value 
of worker’s alternatives and workers main- 
tain their zero expectations with resect to 7. 
Privacy of information precludes mutual 
readjustment of expectations which might 
serve as a basis for employment contract 
renegotiation. Renegotiation infeasmility im- 
plies that a, and thus wages, remain fixed. 
The fixity of a justifies the conditions de- 
termining job change suggested by <quations 
(5) and (6), where the rent distribution 
parameter a and the expected productivity m 
in conjunction with the realizations of e and 
n determine the probabilities of qut or per- 
manent layoff. 

It should be noted that the mode! does not 
assume either total firm ignorance af worker 
alternatives or complete worker unfimiliarity 
with productivity. Rather, it is asscmed that 
although some public informatien exists 
which indicates current job produc‘ivity and 
alternative job opportunities, the value of 
this public information is fully exploited in 
pre-hire negotiations. And thus, bo-h parties 
tend to maintain their partially infcrmed ini- 
tial expectations about the opposi e party’s 
more recent, but also private, information. 

In contrast to the above turnover condi- 
tions implied by costly recontracting, the 
possibility of costless renegotiatior suggests 
the Coase theorem type of result hat both 
quits and permanent layoffs are determined 
at the end of the first period by the zondition 


(11) 


This inequality indicates that job caange oc- 
curs only when a more productive match 
offer precludes a renegotiated vaue of a 
leaving some positive rent share for both 
parties. The conspicuous absence cf a from 
expression (11) is rationalized by the fact 
that this parameter may be costæssly ad- 
justed to reflect new information adout e or 
y at any time. The absence of a “rom (11) 


MENSE. 
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also implies that observed wages may only 
tenuously predict turnover. This “marriage 
model? of job matching represents the 
primary alternative to the model outlined at 
the beginning of this section. The contrasting 
empirical implications of the two models will 
be discussed subsequently. The contrasting 
welfare implications should be noted at this 
time, however.* 

In contrast to the model with transactions 
costs, the model of job matching with costless 
renegctiation implies that job change always 
augments productive efficiency. According to 
this zero transactions cost model, rents exist, 
but the distribution of these rents among 
workers and firms doesn’t affect turnover 
since the specific rent shares are continu- 
ously renegotiable. This leads to the Coase 
theorem type of result that, without transac- 
tions costs, job reassignments will be efficient 
since, otherwise, surrender of some rent share 
from one party to the other could maintain 
the match to the benefit of both. 

Conversely, the model of job matching 
without post-hire negotiations does not im- 
ply that mobility always augments produc- 
tive efficiency. In the absence of renegotia- 
tion, the actual rent distribution, and not 
total match productivity alone, determines 
quits and permanent layoffs. Quits occur 
when the worker, while searching on the job, 
receives a higher wage offer. However, since 
wage offers vary across different employers 
due to differences in rent-sharing agreements 
as well as arising from differences in ex- 
pected productivity, a higher-paying job may 
not constitute a more productive employ- 
ment. 

Further, according to my model without 
renegotiation, permanent layoffs occur when 
productivity is found far enough below ini- 
tial expectations to imply an actual loss in 
firm profits. That is, when the match rent 


*For example, according to this model some “quits” 
may result from a decline in the current job offer 
anticipated by the worker following a downward estima- 
tion of worker productivity by the firm. Some “layoffs,” 
on the other hand, may reflect the employer’s anticipa- 
tion of a future quit following the worker’s receipt of a 
superior wage offer. 
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accruing to the firm is-revealed to be nega- 
tive following some trial period of work, a 
layoff ensues so that the firm may avoid a 
negative rent share. Again, this need not 
imply that the worker is more productive in 
some alternative employment, but only re- 
quires that the contracted wage in any subse- 
quent job is low enough to leave some ex- 
pected rent share for the new employer. 


I. Empirical Implications 


This section contrasts the empirical im- 
plications of the two competing models of 
job matching. The discussion centers on the 
relation of wages to job change. The section 
concludes with a brief discussion of other 
factors affecting mobility. 


A. Wages and Job Change 


In discussing the role of wages in the 
determination of mobility, it should be made 
clear at the outset that wages here represent 
survey wages observed at the beginning of 
some time interval during which each sam- 
pled individual is at risk to change jobs. 
Wages are not observed continuously at vari- 
ous jobs, but rather episodically at discrete 
times. The following discussion should be 
understood in this context. 

Implications derived from the costly re- 
negotiation model are discussed first. Re- 
ferring back to expressions (1), (5), and (6), 
the following partial derivatives may be 
signed, 


12 id 0 tid 0 92 0 
> > < 
(12) om > da > a , 
a0 aL aL 
— <0, —>0, —<0 


According to this model, a and m both 
positively affect wages and both negatively 
relate to the quit probability. And thus, after 
controlling for the general human capital 
component of wages H, quits should be 
negatively related to wages. The value of the 
current job relative to other employments is 
increased either by a higher a or m, and an 
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increase in either element of am also tends 
to lower the likelihood of a quit. 

Formally, the extent of the negative wage 
and quit relation is governed by the degree 
of correlation between the lower limit of the 
quit integral, am, and the observed wage 
H + am, which given the independence of a, 
m, and after controlling for H, is obviously 
one: the specific component of the wage am 
is a perfect proxy for the lower limit of the 
quit integral. The covariance component of 
this correlation is given 


(13) cov(am,am) = 0207 + poż + pog, 


which describes the variance of am.’ Here 
the means and variances of the respective 
subscripted variables are given by » and o°. 
Of special interest is the fact that only in the 
special case when the variance of a is zero 
are quits determined exclusively on the basis 
of productivity differences among jobs. 

Permanent layoffs, however, are ambigu- 
ously related to the match specific compo- 
nent of wages am, for although a higher m 
raises the firm’s potential rent payment, a 
higher a also lowers the firws actual rent 
share. Since a and m cannot be separately 
observed, the wage, or more precisely the 
match value component of wages, am, am- 
biguously relates to the layoff probability. It 
may only be concluded that, after controlling 
for the H component of wages, an observed 
negative layoff and wage relation implies that 
m dominates the variance of am, while a 
positive effect of wages on layoffs suggests 
the dominance of a. Thus, conditional upon 
the acceptance of the model, the observed 
relation of wages and layoffs is of some 
usefulness in determining the importance of 
a in the formulation of wage contracts. The 
model can offer no unambiguous predictions 
concerning the role of wages in the genera- 
tion of layoffs, however. 


>The derivation relies on the independence of a, m, 
and H. Starting with the formula, Var(am) = E((am)?) 
—(E(am))*, and using the properties of expectation 
given independence, and substituting, E(a”) = a2 + pZ, 
we may derive the formula for the variance of am. 
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The effect of wages on permanert layoffs 
may be more formally exposited by deriving 
the covariance between the specific compo- 
nent of wages, am, and the upper limit of 
the layoff integral, — (1 — a)m, whicl. is® 


(14) cov(—m+am,am) 
= Ogm + On + Eine Dm 


In the extreme case of identical contract 
parameters across jobs, then a is constant 
between zero and one, and the expression 
becomes 


(15) (W}- Hajo = (a? —a)o2<D. 


This expression is negative since « resides 
in the unit interval. In this extreme case, 
the variance of expected productivity m 
dominates the variance of am, and layoffs, 
like quits, are a negative functioa of the 
observed wage after we control for 4. 

In the opposite extreme case whee m is a 
nonzero constant, the covariance be-ween the 
wage rent share and the expression determin- 
ing the probability of a layoff is 


(16) 


pog =m > 0. 


This indicates that, given a nond=generate 
distribution of a and a constant F2, layoffs 
should be a positive function of zhe wage 
after controlling for H.” The contrasting signs 
in expressions (15) and (16) confirm the am- 
biguity of the transactions cost model with 
respect to the relationship of the wave level 
and the likelihood of permanent layoff. 

In contrast to the above predictiens of the 
transactions cost model, the costless post-hire 


®t is clear that this expression (14) is reely the sum 
of the variance of am and minus one times-the covari- 
ance of m and am. The covariance of m and am is 
derived via the formula, E(am?)— E(am) Em), which 
gives the independence of « and m reduces io 11,07. 

7This is the result predicted for layoffs ty Parsons’ 
model. According to this model, since all we-kers invest 
in equal amounts of m, only the varianc= of a de- 
termines layoffs. 
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negotiations model predicts that quits and 
layoffs are similarly related, or similarly un- 
related, to the level of wages observed at 
some time prior to job change. Specifically, 
the costless renegotiations model predicts 
that quits and permanent layoffs are either 
both unrelated to the current job wage level 
or both negatively related to measured wages. 
To understand this implication, two assump- 
tions of this model should be underscored. 
First, recall that with costless renegotiation 
of contracts, both quits and layoffs are de- 
termined following the initial period of em- 
ployment according to the inequality given 
in equation (11): m+%7<«, which implies 
that a job change occurs only when an alter- 
native job rent share ¢ dominates current job 
total realized match value m+ 7. 

Second, the process generating wages de- 
scribed in (1) must now be reformulated to 
allow for the dependence of «a on the current 
state of negotiations S, 


(1’) w=H+a(S)m. 


This reformulation of the wage-generating 
process implies that the variance in a now 
reflects variance in S, or variance over the 
life of individual job matches, as well as 
representing differences among individual 
contracts. Wage variance thus embodies both 
changes in the specification of individual 
contracts over time and the heterogeneity of 
contracts in the sample at any time. The 
costless negotiations model thus implies that 
the variance in a should be quite large. This 
augmented variation in @ increases the vari- 
ance in wages over time, and thus makes 
prior survey wages a rather tenuous measure 
of the m+ 7 level relevant to the determina- 
tion of a job change. 

We may now more formally clarify the 
relation of wages and turnover suggested by 
the costless negotiation model. According to 
the model assumptions outlined in expres- 
sions (11) and (1’), previous survey wages 
may predict job change if we can use the 
match-specific components of these wages, 
am, to proxy the level of m on the left side 
of inequality (11). Using previously men- 
tioned independence assumptions, the corre- 
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lation of these expressions is 
(17) corr(m, a(S)m) 


Om 
VA >0. 


(040m + uma + Hna) 


If this correlation is close to one, then both 
the quit and layoff probabilities should be 
negative functions of the wage. Whatever the 
value of this correlation however, it is clear 
from (11) that quits and layoffs should be 
similarly related to the wage. 

The actual value of this correlation, and 
thus the relationship of wages to turnover 
probabilities in a world of zero or low trans- 
actions costs, depends of course on the rela- 
tive variances in a and m. The costless 
negotiations model, however, implies that the 
variance in a should be large reflecting vari- 
ability over the life of specific contracts as 
well as differences among separate individual 
employment agreements at any time. Expres- 
sion (17) implies that as the variance of a 
gets large relative to the variance of m, the 
ability of observed wages to predict job 
changes declines. That is, as the variance of 
a gets larger, wages, after controlling for H, 
become a poorer and poorer proxy for the 
left side of inequality (11). On the other 
hand, if the variance of m dominates, quits 
and layoffs are both negatively related to 
wages; in this case wages proxy expected 
productivity rather well.’ 

The crucial difference between the models 
with and without costly negotiations involves 
the source and magnitude of variance in a. 


SI have assumed that the wage is observed prior to 
the revelation of 7. Similar implications hold if 7 is 
reflected in the observed wage. Simply define m* = m+ 
q, and derive an expression similar to (14) in terms of 
m* instead of m. The variance of a still undermines the 
predictive power of wages. According to the assump- 
tions of the zero transactions cost model, the observed 
wage may or may not reflect 7, thus making the relation 
of previously observed wages and turnover implied by 
the zero negotiations cost model even more tenuous. 

°As a corollary to the current discussion, it can be 
seen that the usefulness of wages in predicting job 
change depends on various parameter values even when 
negotiations are costless. 
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The model without renegoitation of wages 
implies that « varies only over individual 
match contracts. Thus, after controlling for 
general human capital H, the worker’s rent 
share am may be estimated at any time via 
previously observed wages. Since the quit 
probability negatively relates to both compo- 
nents of am, the model unambiguously im- 
plies that wages are negatively related to 
quits. The story is different with respect to 
layoffs however. Parameters a and m cannot 
be separated empirically, and since a posi- 
tively affects while m negatively influences 
the layoff probability, the model cannot pre- 
dict the relation of layoffs to wages. 

The model with costless negotiation, how- 
ever, assumes that the variance in a reflects 
variation across matches but also includes 
variation over time for each individual con- 
tract. But referring back to expression (17), it 
is apparent that this implies that observed 
wages much less precisely approximate the 
actual match value which determines quits 
and layoffs: wages should at best be a rather 
weak predictor of turnover and, to the extent 
wages systematically relate to turnover deci- 
sions, they should impact quits and layoffs 
identically. 

In summary, the relevant contrasting em- 
pirical implications are that, while the cost- 
less negotiation model implies a similar weak 
negative effect of wages on quit and layoff 
probabilities, the model assuming costly 
negotiation implies that quits are a strong 
negative function of the wage and that layoffs 
are ambiguously related to the wage level. 
The two models are empirically indistin- 
guishable in the case where both quit and 
layoff probabilities are observed as negative 
functions of the wage. 


B. Other Factors Determining Job Change 


This subsection outlines several other fac- 
tors affecting job change which, although not 
formally integrated into the model, require 
some brief consideration. The discussion here 
also is intended to justify the statistical 
specification of the next section. 


1. Job Tenure. The accumulation of job 
tenure, according to my model, reduces the 
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probability of quit or layoff because longev- 
ity increases the possibility that th: initial 
trial period of employment has expired 
without a job change. Although the model is 
rather artificial in ignoring the possibility of 
job change in later periods, the basic selectiv- 
ity mechanism that drives the attenuating 
effect of tenure on turnover in thi: model 
would operate in more complicated models 
also. For instance, assuming the wege-offer 
distributions remain moderately stadle over 
time, those workers with a low probability of 
finding a better job in the initia’ period 
would also be less likely to improve them- 
selves with a quit at a later time. Similarly, if 
worker productivity is relatively ame in- 
variant, an output contribution suffcient to 
forestall layoff in the first period weuld im- 
ply a lower probability of subsequert layoff. 

Although tenure may well predxt quits 
and layoffs in empirical studies, az an ex- 
planatory variable tenure alone cannot in- 
form us about the underlying decision 
processes of workers and firms. Ra-her, the 
negative effect of tenure upon mobrity only 
indicates that some aspects of match: value to 
workers and firms tend to persist over time.!° 
Tenure alone is of little value in discriminat- 
ing among various hypotheses conce-ning the 
determination of mobility, and for ihis rea- 
son I shall use job tenure only as < general 
control for various other unmeasured factors 
in the empirical work. 


2. Short Contract Jobs. Some jobs are by 
their inherent nature of short or limited 
duration. For instance, construction_obs may 
end at the completion of a certain building 
or structure. Agricultural employment may 
be limited by the duration of the harvest. 
And since the surveys that yielded the data 
for this study occurred in Octcoer and 


g 


10A negative tenure and mobility relatior would be 
predicted by various other models describing the accu- 
mulation of specific training, models invołvirz heteroge- 
neous worker tastes for the consumption o. time con- 
stant nonpecuniary job attributes, models de=cribing the 
accumulation of personal relationship capitabon the job, 
or by models that assume that workers are claracterized 
by varying degrees of taste for job change it=lf. 
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November, many retail sales jobs may have 
only extended through the holidays. These 
considerations rationalize the inclusion of 
various industry dummies in the empirical 
specification. 


3. Worker-Intentional Short-Term Jobs. Some 
young workers may choose temporary em- 
ployment while deliberating career choices. 
Thus, we would expect part-time workers or 
workers in industries such as retail sales to 
show higher quit rates. 


4. Nonpecuniary Aspects of Job Value. Work- 
ers may value their current job for reasons 
unrelated to the actual level of wages or 
earnings. Relationships with other employees 
and supervisors, the pace of work, or the 
general work environment may be factors 
affecting the probability of a quit. The em- 
pirical work thus attempts some control for 
nonpecuniary aspects of work. 


5. Union Membership. Members of a union 
should be less at risk to change jobs since 
unions may better screen workers before hire. 
Alternatively, fixed costs of joining a union 
as well as the presence of many benefits 
contingent upon seniority may attract more 
serious or committed young workers. Gener- 
ally, we would expect these factors to aug- 
ment job permanence among union workers: 
union membership should be negatively re- 
lated to quits and permanent layoffs." 


HI. Empirical Results 


This section reports empirical results that 
tend to support the transactions cost model 
of mobility. Basically, I find that while wages 
negatively affect quit decisions, layoffs ap- 
pear unrelated to observed wage levels. The 
section commences with a discussion of the 
data and sample characteristics, however. 


Richard Freeman (1976, 1980) has argued that 
organized channels of communication between workers 
and managers embodied in union grievance procedures 
decreases quits by attenuating the need for an “exit- 
voice” mechanism of communication. That is, union 
workers don’t get mad and quit, but rather, negotiate 
differences with the firm. 
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A. Data 


The data comprises 709 observations de- 
rived from the National Longitudinal Surveys 
of Young Men. Job change behavior was 
tracked between the 1969 and 1970, and also 
the 1970 and 1971, contiguous surveys. 
Wages and other general job information 
were available for all jobs intervening these 
surveys from questions asked about recent 
jobs in the second-year interview. For those 
observations changing jobs, it could be de- 
termined whether job mobility involved a 
quit or layoff. 

Since the sample was intended to describe 
a population of young men just starting in 
the labor market, observations were chosen 
so that no more than two years had elapsed 
since last school enrollment. As indicated in 
Table 1, the sample is young and inexperi- 
enced. Average education stands at about 
thirteen years, and, as in the original surveys, 
nonwhites are overrepresented about two to 
one. Self-employed and government workers 
were excluded from the sample. 

Table 1 also indicates that about 29 per- 
cent of the sample quit their initial survey 
job for another employer, while only about 
14 percent of the sample experienced layoff 
coincident with job change. According to 
unreported tabulations by mobility group, 
quitters and those workers experiencing layoff 
tend to be about one year younger and less 
educated than immobile workers. Prior to 
job change, mobile workers tend to earn less 
and like their jobs less than constant em- 
ployer workers. Job changers, in general, also 
tend to have less job tenure, report less work 
experience, and are less often employed in 
financial or union jobs. Mobile workers are 
more often found in construction, agri- 
culture, retail sales, entertainment services, 
and part-time jobs. 


B. Empirical Estimates 


According to the parameter estimates given 
in Table 2, wages affect the probabilities of 
quit and permanent layoff differently. The 
probit estimates indicate a negative and sig- 
nificant effect of wages on quits, but suggest 
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TABLE 1— DEFINTION OF VARIABLES AND SAMPLE MEANS 


Agr = Dummy taking unit value if 


employed in agriculture .03 
Age = Age 19.84 
Att =Attitude towards job? 1.70 
Bus = Employed in business and 
repair services .06 
Con = Employed in construction 13 
D70 = Dummy taking unit value for 
1970 observations 49 
Ed = Years of schooling 12.74 
Ent = Employed in entertainment 
and recreational services O01 
Exp = Weeks experience 138.68 
Finan = Employed in finance 06 
Alth = Dummy taking unit value 
if health limits work 08 
Mannon = Employed in nondurable 
manufacturing 27 
Mine = Employed in mining 02 
Per = Employed in personal services 02 
Prof =Employed in professional 
i and related services 13 
Pt = Part-time status” 17 
Ret = Employed in retail sales 31 
Tenure = Months employed 7.62 
Tran = Employed in transportation .10 
Whol = Employed in wholesale trade 05 
Wr = Real wage® 2.39 
Union = Dummy taking unit value 
if union member .20 





4Variable takes on ordered values 1, 2, 3, 4, where 1 
indicates likes job very much, and 4 indicates dislikes 
job very much. 

>Worked less than 30 hours. 

°All wages in this study were CPI adjusted for the 
actual month of observation. 


that permanent layoffs are unrelated to the 
wage level. After controlling for other vari- 
ables possibly affecting the probability of 
layoff, the results indicate that in terms of 
wages, workers experiencing layoff are not 
distinguished from the majority of the sam- 
ple who maintained their initial employment 
during the year interval between surveys. On 
the other hand, quitters are shown to earn 
wages far below immobile workers. These 
results, while consistent with the pattern of 
wage influence on turnover suggested by the 
costly negotiations model, run counter to the 
predictions of the model with costless negoti- 
ation of employment contracts. Quits and 
layoffs are not similarly related to the wage 
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TABLE 2— Quit AND LAYOFF PROBIT ESTIMATES? 


Quit Quit Layoff Layoff 
Wr — 234 ~ 2220 — 0019 0298 
(— 3.09) (~ 2.67) (—.02) (.33) 
Age — 026~ — 0112 — 0210 - — 0317 
(—.62) (—.26) (— .39) (-—.57) 
Ed — .053- — 0552 — 0889 — 1148 
(-1.14) (—1.13) (—1.50) (—1.80) 
Exp O91 .0008 .0020 .0021 
(1.28) (.93) (1.75) (1.67) 
Tenure — 0204 — 0221 —~ 0786 — .0746 
(—2.20) (—2.33) (-5.34) (—4.92) 
Union — 4742 — 4540 ~ 1817 — 0761 
(—2.90) (— 2.69) (—.96) (—3.7) 
Att 39% 4002 .4305 47716 
(4.96) (4.87) (4.48) (4.68) 
Pt Be 8870 1.023 8734 
(5.90) (5.41) (4.96) (4.03) 
Hith — 0408 0017 4042 3853 
(- 18) (01) (1.63) (1.47) 
Nwht — .04&) — 0306 .0970 1389 
(-.32) (-.20) (.54) (.73) 
D70 — 0247 — 0255 .0233 — .0570 
(1.04) (~.20) (.15) (—.34) 
Agr - 2965 - 9066 
(.68) (1.80) 
Mine ~ 5432 - - 
(1.25) 
Con ~ .5569 - .8054 
(2.39) (3.17) 
Mannon ~ , 2028 - — 2339 
(1.08) (—.88) 
Tran - 2689 - — .3274 
(.93) (—.70) 
Whol . ~- .1130 - .4189 
(31) (1.02) 
Ret ~ 3912 - 4137 
(2.15) (1.84) 
Finan - — 3876 -. - 
g (~—1.00) 
Bus - 1692 - -7400 
(5) (2.06) 
Per - — 1865 - .4423 
(-31) (.67) 
Ent - 1.209 - 7972 
(1.58) (.89) 
Prof - 1651 - .5750 
(.60) (1.66) 
Constant 587 1077 — 0442 .0645 
(1.04" (17) (—.06) (.07) 
Log-likelihood — 321.55 — 314.38 — 193.18 — 182.18 
Sample Size 613 613 503 503 


The t-statistics are showr in parentheses. Durable manufacturers are the excluded 
industry group. 
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level as predicted by the marriage model of 
employment contracts. 

Age, education, and experience were in- 
cluded to control for the general human 
capital component of wages H. The overall 
impact of these variables on turnover ap- 
pears nil except for the layoff probits where 
education shows a slight inhibiting effect and 
experience exhibits a small positive influence. 

Tenure was included to control for unob- 
served worker and job match heterogeneity. 
Tenure exercises a negative and significant 
effect on both quits and layoffs; a pattern 
consistent with my model but also suggested 
by competing explanations of turnover. It is 
notable also that tenure shows a far larger 
impact on layoffs than quits. 


12 Some mention should be made concerning the likely 
direction of bias resulting from the difficulties in dis- 
tinguishing quits from permanent layoffs with the pres- 
ent data. Although the categorized questionnaire re- 
sponses are unambiguous, two types of misreporting are 
possible. First, workers may feel some stigma attached 
to experiencing a layoff and thus report a quit. Second, 
while on temporary layoff, a worker may search and 
then in effect quit his old job but honestly report layoff 
as the reason for leaving. In as much as temporary layoff 
behavior is generally associated with more experienced 
workers receiving unemployment insurance subsidies, 
the youthfulness of the sample probably minimizes the 
impact of the second source of bias. More generally 
however, since the effect of either form of misreporting 
is to make reported quits and layoffs look similar, the 
empirically supported conclusion of this paper, that 
quits and permanent layoffs are different, is unaffected. 
Note also that layoffs and quit observations are ex- 
cluded from the quit and layoff probits, respectively. 
Software limitations precluded estimation of a model 
simultaneously explaining both mobility components. 
This, of course, precludes directly performing a classical 
Statistical test of quit-layoff differences. Rather, I con- 
trast quits and layoffs by comparison to a common 
group of immobile workers. Similar probit specifications 
were run separately comparing quitters and workers 
experiencing layoff to the rest of the sample. For exam- 
ple, I defined the dichotomy in terms of quitters vs. 
layoffers and stayers. Those probits yielded wage coeffi- 
cients indicating even a greater difference between quits 
and layoffs. This specification had the unfortunate effect 
of attenuating and compromising the interpretation of 
many other coefficients where the related explanatory 
variable was expected to similarly impact quits and 
layoffs, however. 

13Wage and tenure interactions were added to the 
probit specifications to determine whether the wage 
effects were constant with respect to time on the job. 
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Union status acts as a significant deterrent 
to quits but shows no significant effect on 
layoffs. These results for quitters are gener- 
ally consistent with the notions that unions 
attract more serious workers or that unions 
attenuate the exit-voice phenomenon. 

Attitude toward the job significantly affects 
both quits and permanent layoffs. Workers 
who do not like their jobs are both more 
likely to quit and experience layoff. This 
variable was included primarily to control 
for the impact of nonpecuniary dimensions 
of job value on quits. The similar effect of 
attitude on layoffs, however, suggests that 
this variable is probably picking up on nega- 
tive job characteristics associated with tem- 
porary jobs. 

Part-time status was included to control 
for any worker or firm-motivated temporary 
job phenomenon. Part-time status manifests 
a positive and significant effect on both quits 
and layoffs. This generally positive influence 
is consistent with the notion that part-time 
status proxies worker seriousness or job per- 
manence. 

The health status variable is generally in- 
significant but exhibits much larger effects 
on layoffs than quits. Indicators of race or 
sample year show no significant effects on 
turnover. 

Industry dummies were included to mea- 
sure short-term job phenomenon and also to 
control for any possible compensating wage 
differential effects. Inclusion of these vari- 
ables does not alter the basic pattern of the 
previously discussed results except that the 
wage coefficient in the layoff probit becomes 
positive. Workers in construction and retail 
sales are more likely to quit or experience 
layoff. Agricultural employees along with 
business and professional services workers 
are more likely to be laid off. This pattern of 
results is also roughly in accordance with the 
discussion of the previous section. 


None of the interaction coefficients were even near 
significance at commonly accepted levels, while the layoff 
and quit probit wage coefficients from these extended 
specifications remained similar in terms of size and 
significance to those parameters in Table 2. 
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In summary, the empirical results zeported 
in Table 2 appear consistent with ths earlier 
discussion. In particular, the wage coeff- 
cients suggest that quits and pe-manent 
layoffs are different in a way consistant with 
the predictions of the model of job matching 
with costly contract renegotiation. 

The regression results reported in the first 
column of Table 3 offer some further evi- 
dence concerning the wage implications of 
turnover. The regression coefficients ~eported 
in the second column of Table 3 alsc-serve to 
allay concerns about possible omit-ed vari- 
able bias effects of unobserved ability on the 
wage coefficients reported in the cuit and 
layoff probits above. 

The first column of Table 3 reperts esti- 
mated coefficients from a wage change re- 
gression equation commonly used is studies 
of mobility and earnings (Ann Bartel, 1979; 
Matthew Black, 1980; Steven Sandel, 1977). 
The dependent variable is the change in real 
log-wages AlnW. For mobile workers the 
change in log-wages represents the Gifference 
between the old and new job hou-ly earn- 
ings. For immobile workers the wazes were 
measured at the first and second sur-ey time. 
All sample members were at risk to change 
jobs in the year interval between surveys. All 
wages were CPI deflated according to their 
month of observation to assure comparabil- 
ity across time and mobility groups 

The education, experience, race, ard survey 
year variables were included to control for 
life cycle earnings profile effects znd time 
differences. The variable AExp represents 
the change in weeks experience between wage 
observations. 

The turnover variables reported in the first 
column indicate that, while quitte-s unam- 
biguously gain from mobility, workers expe- 
riencing layoff show borderline sgnificant 
wage losses. These results are hard zo recon- 
cile with the notion that layoffs ere really 
only anticipated quits. Here, as bef>re, quits 
and permanent layoffs appear different in a 
manner consistent with the costly negotia- 
tions theory of job matching. Apparently, 
quitters transfer to higher paying jobs while 
individuals who do not quit but experience 
layoff are forced often to settle :or lower 
wage employments. Quits and permanent 
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TABLE 3— WAGE GROWTH AND WAGE 


LEVEL REGRESSIONS” 
AlnW InW73 
Quit . .0743 — 0259 
i (2.55) (—.67) 
Layoff — 0666 0218 
(—1.65) (42) 
A Exp .0039 7 
(4.15) 
Exp -21x107° - 
(—.004) 
Exp X Exp —2.8x1077 - 
(—.26) 
Ed — .0012 .0940 
(~.20) 
NWht — .0300 —.2110 
(—1.00) (—4.87) 
D70 .0279 — .1049 
(1.13) (— 3.09) 
Exp 73 - — 0702 
(—1.01) 
Exp 73x Exp 73 - .0051 
(1.54) 
Constant — .0756 .4927 
(—.80) (1.32) 
R? 06 26 
F 5.18 28.48 
Sample Size 709 566 


aThe t-statistics are shown in parentheses; ln W73 
represents the nominal wage at the 1973 survey time. 


layoffs, at least in this young sample, again 
appear different.! 


14 These wage growth results on quits are quite strong 
compared to other mobility studies using young samples 
(see Joseph Antos and Wesley Mellow, 1979; Bartel, 
1979). This disparity is explained by my data organiza- 
tion that serves to eliminate a serious misspecification 
present in many other studies. Previous studies have 
attempted to statistically relate wage profiles and mobil- 
ity decisions by measuring wage growth between surveys 
while defining a job change as voluntary or involuntary 
according to whether interviewees report a quit or layoff 
from the first survey job. However, since an initial job 
change may be followed by another quit or layoff prior 
to the second survey, growth or decline in wages be- 
tween surveys may only tenuously relate to the explana- 
tion given for leaving the initial survey employer. My 
methodology eliminates this form of specification error 
associated with many previous studies. A comparison of 
regressions using the correct interjob wage differences 
with regressions using intersurvey wage differences re- 
vealed chat the mobility coefficients were underesti- 
mated by as much as 50 percent. It is probably reason- 
able to conclude that the extent of the bias in using 
survey wages rather than specific job wages varies in- 
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Finally, the coefficient estimates in the sec- 
ond column of Table 3 derive from the re- 
gression of 1973 survey log-wage on various 
typical human capital variables and earlier 
mobility status. The results indicate that, by 
1973, mobile workers in the earlier interval 
exhibit wage levels comparable to earlier im- 
mobile workers. These results are not in- 
tended to measure the effects of mobility on 
earnings, this they cannot do. Rather, the 
insignificant mobility coefficients indicate 
that permanent earning ability differences do 
not explain the earlier reported effects of 
wages on quits and permanent layoffs. This 
wage regression suggests that within a few 
years of the original mobility interval, mobile 
and immobile workers appear similar with 
respect to earnings. The initial wage dif- 
ferences among the mobility groups appear 
to have eroded. These results are consistent 
with the work of other authors (Bartel, 1980; 
Wesley Mellow, 1978), but more importantly 
in the present context strengthen my conclu- 
sions derived from the previous quit and 
layoff probits. Specifically, these results sug- 
gest that the effects of wages on turnover 
reported in Table 2 are not biased by the 
omission of ability from the probit regres- 
sions. Mobile workers are not systematically 
less able. Quits and permanent layoffs are 
differently related to current job wage lev- 
els for reasons independent of unobserved 
ability. 





versely with the age of the sample, and varies directly 
with the time elapsed between surveys. Older workers 
tend to be less mobile so the likelihood of multiple 
intrasurvey moves is smaller, and the probability of 
multiple moves increases with the time between surveys. 
Note also that any effect of unmeasured earning ability 
on these coefficients is eliminated by differencing wages. 

15For example, quitters may gain from mobility but 
in the process only catch up to immobile workers. Thus, 
these wage level regressions should not be used to 
measure mobility gains or losses. Also note that some 
observations were lost following the 1971 interview. 
Ancillary sample attrition probits indicated that the 
probability of attrition was unrelated to earlier mobility 
status, however. 


DECEMBER 1985 


IV. Conclusion 


This paper outlined a model of job match- 
ing appropriate to a population of inexperi- 
enced young men. The empirical results indi- 
cated that quits and permanent layoffs are 
different. More specifically, these results 
tended to confirm the model of job matching 
with costly contract renegotiation. It should 
be stressed, however, that these conclusions 
need not generalize to older populations. 
Productivity uncertainty is an important as- 
sumption of my model. To the extent this 
uncertainty is attenuated as workers age and 
become “known commodities,” the conclu- 
sions of this paper might need to be mod- 
ified. 

Finally, an interesting implication of the 
model concerning the relation of productiv- 
ity to observed wages should be recognized. 
Conditional upon the acceptance of the costly 
contract renegotiations model, the wage 
coefficient in the layoff probit suggests the 
extent to which the variance in actual pro- 
ductivity m, or the variance in the rent-shar- 
ing parameter a, dominates the variance in 
the match-specific component of the wage 
am. The theoretical discussion suggested that 
dominance of the m variance implied a 
negative layoff and wage relation, while 
dominance of the variance in a implied a 
positive association between the wage level 
and the layoff probability. The empirical re- 
sults generally showed a zero wage coefficient 
in the layoff probits. This suggests a roughly 
equal role for rent sharing and productivity 
in the determination of wages. It thus ap- 
pears, at least for very young workers, that 
firms may capture some match rent. This 
implication, while at odds with the usual 
neoclassical market model, is perhaps not 
surprising in a real market setting with het- 
erogeneous agents and costly acquisition of 
information. 
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The Demand for and Supply of Births: 
Fertility and its Life Cycle Consequences 


By MARK R. ROSENZWEIG AND T. PAUL SCHULTZ* 


Economists and other social scientists have 
studied since Malthus the determinants and 
consequences of fertility, but without evolv- 
ing a consistent framework. Two lines of 
fertility-related research have emerged in the 
economics literature. The first, concerned 
chiefly with the determinants of fertility, em- 
phasizes the preferences of parents and 
treates the number of children born to a 
household as wholly demand-determined. 
Children are viewed as one manifestation of 
the set of household decisions constrained by 
costs and income (Schultz, 1969; Robert Wil- 
lis, 1973; Rosenzweig and Robert Evenson, 
1977; William Butz and Michael Ward, 
1979). Within this tradition, estimates of the 
“effects” of fertility variation on household 
behavior are obtained using simultaneous 
equation techniques (for example, Marc 
Nerlove and Schultz, 1970; Belton Fleisher 
and George Rhodes, 1979); however, since 
both fertility and other household goods are 
viewed as jointly “demanded” by the house- 
hold, identification appears arbitrary, in 
which case such estimates provide little in- 
formation about the consequences of fertility 
change. 

A second line of research assumes that 
births are wholly supply-determined, and 
treats fertility as purely random and exoge- 
nous. The number and ages of children in a 
household do not enter the household’s pref- 
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and members of the Yale Labor and Population 
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erence function and/or are treated as exoge- 
nous (unexplained) determinants of or con- 
straints on household allocation decisions, 
in particular, the supply of female time to 
the market (James Heckman and Thomas 
MaCurdy, 1980; Jerry Hausman and Paul 
Ruud, 1984) and household consumption 
expenditures (Robert Pollak and Terence 
Wales, 1980; Angus Deaton, 1982). 

The coexistence of these mutually incon- 
sistent approaches to the study of fertility- 
related behavior may reflect the special na- 
ture of fertility. Unlike the consumption by 
households of television sets or food, the 
level of fertility is determined by the alloca- 
tion of resources to limit the biologically 
determined production of births—fertility 
supply. Given that such control is costly and 
imperfect, and the biological capacity to bear 
children (fecundity) is stochastic and mostly 
unaffected by choice behavior, the number of 
children born to a couple (society) may not 
exactly correspond to either the couple’s 
(societal) expectations of or preferences for 
(given costless control) its family (popu- 
lation) size. Moreover, an individual couple 
may learn about its own specific supply con- 
straints over time; planned resource alloca- 
tions to control births or to earn income, 
therefore, may be altered by fertility experi- 
ence both directly and indirectly as it in- 
fluences supply expectations. 


1Exceptions to these traditions are Heckman and 
Willis (1975), and Rosenzweig and Kenneth Wolpin 
(1980). Heckman and Willis construct a dynamic model 
of contraceptive choice incorporating stochastic fertility. 
However, their econometric application does not con- 
sider the behavioral implications of their model (see 
Section II, below). Rosenzweig and Wolpin exploit the 
incidence of twins to estimate the exogenous impact of 
an additional birth on life cycle labor supply, but in the 
context of a perfect foresight, deterministic model. 
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Fertility within a household is deermined 
by the dynamic interaction between -ts supply 
of and demand for births, and variations in 
births across households reflect exogenous 
intercouple variation in both the supply of 
births and prices, income, and preferences 
for children, or demand.* Economists have 
recognized the joint relevance of biological 
and behavioral factors in determin-ng fertil- 
ity under a regime of costly fertiliry control 
(for example, Richard Easterlin, Pellak, and 
Michael Wachter, 1980), but this perception 
has not been suitably incorporatec into the 
empirical study of fertility? In particular, 
this insight has not been employed in esti- 
mating the effectiveness of con-raceptive 
methods, or in estimating the effects of fertil- 
ity variation on labor supply bekavior, on 


2%t is widely believed that fecundity vacies substan- 
tially across couples but that this reproduct-ve potential 
is not greatly affected by contemporary sczioeconomic 
conditions. Although acute malnutrition ane certain dis- 
eases may induce premature sterility and thereby in- 
fluence the distribution of fecundity in low-income 
populations, fecundity is essentially exopenous in a 
high-income population today, such as that cf the United 
States in 1970-75 (John Bongaarts and Jene Menken, 
1983). In the United States, contraceptive behavior is 
naturally seen as the important source Œ behavioral 
variation in fertility. Nonetheless, an integrated frame- 
work for analyzing both the supply of and demand for 
births is needed if the consequences of specific sources 
of fertility variation are to be assessed. 

3In the social science literature, Rodolfc Bulatao and 
Ronald Lee (1983) distinguish among the Jeterminants 
of fertility supply and demand and the coss of fertility 
regulation without attention to the underlyhg sources of 
stochastic variability and to how covariaion between 
them might complicate the task of statistically identify- 
ing the effects of exogenous biological suppzy from those 
of endogenous behavioral demand factos. Using an 
analogous framework, Bongaarts and Robert Potter 
(1983) examine the proximate determinans of fertility. 
They also ignore the manner in which me biological 
proximate factors determining fertility are-self-selected, 
and thus are a potential source of bias in conventional 
calculations of contraceptive use-effectiven_ss from non- 
experimental populations represented in survey data. 
Easterlin and Eileen Crimmins (1982) dem-nstrate some 
of the difficulties in estimating elements ofta supply and 
demand model, but they ignore the stochastic interplay 
of demand and supply, the involuntary scurces of bio- 
logical variation in fecundity, and the individual optimi- 
zation process. 


. 


ROSENZYEIG AND SCHULTZ: FERTILITY 993 


earnings, or on the demand for fertility con- 
trol. When there is heterogeneity in both the 
biological supply of births and in preferences 
for family size, neither of which are directly 
observed by the researcher, a new analytical 
approach is needed. 

In this paper we develop and implement a 
methodology for identifying empirically the 
supply function for births in order to assess 
the consequences of exogenous variation in 
the supply of births for fertility, for couples’ 
choice of contraceptive techniques, and for 
the life cycle labor supply and earnings of 
married women. In Section II we describe an 
illustrative dynamic optimization model of 
contraceptive choice and labor supply incor- 
porating uncertain fertility and persistent 
heterogeneity in preferences and fecundity. 
Section III describes the strategy for obtain- 
ing estimates of the biological components of 
fertility and the efficacy of contraceptive 
techniques, given household optimizing be- 
havior and heterogeneity in fertility supply 
and preferences. In Sections IV, V, and VI, 
the methodology is applied to monthly longi- 
tudinal data on contraceptive use, fertility, 
and female labor supply in the United States. 

The empirical results indicate that, be- 
cause of the costliness of contraception, more 
than 10 percent of the cross-sectional varia- 
tion in the number of live births in the 
United States is due to interhousehold varia- 
tion in the exogenous supply of births, with 
couples offsetting 25 percent of the underly- 
ing variation in fertility supply through their 
choice of contraceptives. Such compensatory 
behavior appears to lead to significant un- 
derestimates of the efficacy of contraceptive 
methods, unless heterogeneity is taken in- 
to account. Biologically determined fertility 
supply variation appears also to affect sig- 
nificantly married women’s labor supply and 
earnings. Moreover, use of actual fertility as 
a proxy for fertility supply, as in prior stud- 
ies, overestimates the true life cycle labor 
supply response of married women to exoge- 
nous variations in fertility associated with 
imperfect and costly fertility control, but un- 
derestimates their consequences for female 
earnings and for the life cycle adjustment in 
couples’ choice of contraceptive methods. 
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I, A Dynamic Model of Fertility Control 
and Labor Supply with Exogenous 
Fecundity Variation 


Assume that the number of births N,, of 
couple j in period i in which the mother is 
age i+a is a random variable that can be 
reduced 2 the use of resources to control 
fertility, Z;,, such that 


(1) Nij = =p; tE; pt y(at+i)j—- BZ ij? 


where u, is a time invariant fertility com- 
ponent specific to couple j, e; is an inde- 
pendently distributed, serially uncorrelated 
disturbance, and y and 8 are biological- 
technical parameters to be estimated.* 

Equation (1) describes the technology of 
birth production, or what is called hereafter 
the reproduction function. The potential 
number of births or fecundity is the sum of 
the first three exogenous terms and may be 
referred to as the “supply” of births; since 
the number of births actually produced 
(fertility) depends as well on the use of fertil- 
ity control, realized births N,,; depend on 
both the preferences of parents (demand) 
and the supply of births. 

Assume that parents in each period maxi- 
mize the expected value of an intertempor- 
ally separable utility function that has as 
arguments the number of children born in 
the period, the cumulated number of children 
M; (where M,= M;_,+ N,), a consumption 
good X, and leisure L; of the mother. The 
parents’ problem at period s is described by 


(2) maxE T a- “UCN, 


i=s 


M,, X, Lar) 


subject to (1) and to a within-period income 


OH is assumed that E(u,p,)=0 if jk, =o if 

= k; E(pjs;j) = 0, E(ejjêkj \= Oifitk, =o} ifi=k. 
We abstract in (1) from the role of sexual intercourse 
and other behavioral determinants (diet, exercise) of 
reproductive potential for simplicity. Intercourse behav- 
ior and smoking by the mother are incorporated in the 
empirical analysis below. 
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constraint, 
(3) W(T-L,)+¥,=pZ,+ X,+ cM; 


where the couple subscript j is suppressed, 
W is the wage of the mother, T is her total 
available time, V is income of the husband, 
p is the cost of fertility control, c the per 
period cost of a child, r is a time-invariant, 
couple-specific random preference variable, 
where E(1;7,) = o, if j=k and zero other- 
wise and E(7p,,)=0 for all j and k.° This 
latter assumption presumes that fecundity is 
not influenced by behavior (see fn. 2), Parents 
are thus heterogenous in preferences (7;) and 
in the technologically pesien potential 
supply of births (p,). 

The household chooses whether to use 
fertility control (Z =1) in each period, and 
whether or not the mother is to work (L = 0), 
based on the information set Q at the begin- 
ning of the period.® At the onset of period i, 
then, parents know the outcomes of their 
past decisions, the technology of birth pro- 
duction £, the wage rate, prices, and their 
preferences; they thus know M,_, but do 
not know the fertility they will experience in 
period i. They may know that component of 
the random fertility “draw” which is time- 
invariant (u). 

In such dynamic problems it is not gener- 
ally feasible to derive analytically decision 
rules for L; and Z; in any period (Kenneth 
Wolpin, 1984). However, comparative statics 
can be performed for the final-period deci- 
sions, when parents need not take into 
account the impact of their current decisions 
on future decisions. To see how variations in 
“fertility” are related to decisions concerning 
both contraception and labor supply as func- 
tions of technology, preferences, and costs, 
assume that the utility function in each period 


5We abstract from the dependence of wage rates on 
prior labor force experience, In the empirical analysis 
below we estimate the cumulative effects on female 
earnings due to the adjustments in labor force experi- 
ence resulting from exogenous variation in the supply of 
births. 

*In the empirical work below, we consider a variety 
of methods and the choice among them. 
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is linear quadratic: 

(4) U,=a,N,—0.5a,N? + @,M;—050,M? 
+ a,(7) X,—0.5a,X? 
+ a,L;—-0.5a,L? + agh,M,, 


where ,...,@ > 0, to reflect diminishing 
marginal utility of all commodities. Note that 
mother’s leisure and fertility are al owed to 
interact (a, #0), reflecting the presumption 
of the household production litera-ure that 
these two variables are not indepenjdent. We 
abstract from other interactions ir (4) for 
simplicity, as is common in labor supply and 
fertility models. Preference parameters are 
constant across all periods, but preferences 
. for the consumption good X vazy across 
households, such that «,(7)’ > 0, fo: all i.” 

Consider first for illustrative pursoses the 
decision whether to use fertility control in 
the last period, £. It can be showr that the 
difference in expected utilities, J, associ- 
ated with the use and nonuse of contracep- 
tion is 


(5) J? = E(U\Z,=1; 2,) 
— E,(U,|Z,= 0; Q,). 


The relationship between variations in prior 
fertility M,_, and the probability of using 
birth control, whether JZ is greater than or 
less than zero, depends on the inormation 
held by parents and on whether the variation 
in cumulated births is due to preferences or 
technology. To see this, consider wo cases: 
first, assume that parents know the per- 
sistent, family-specific part of fecuadity, and 
thus can distinguish random from systematic 
fertility outcomes, that is, Q,= ip, B, Y, 
M,- P, c, W}. The effect of a purely 
random increase in the stock of caildren in 


7Other preference parameters may alsc vary across 
the population; we show that heterogereity in one 
parameter is sufficient to generate biases im estimates of 
the effects of fertility supply variation cn allocative 
behavior based on associations between household 
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period ¢—1 on J? is 


(6) 3JF/ 88, yo=(y} 
=a, — agc( p — Bc) 


which, due to diminishing marginal utility, is 
positive as long as the “savings” from an 
averted birth Bc exceed the cost of using 
fertility control p. An unanticipated random 
birth in period t—1 increases the likelihood 
that birth control is used in period ¢; this 
effect is stronger the lower the cost of 
contraception p and the greater its effective- 
ness £. 

The effect of variation in that part of 
fecundity which is persistent (and known) on 
the probability of using contraception in 
period ¢ is given by 


(7) OS7/ Alo (uy = %4B(1 + dM,1/du) 
+ a8 + asc( p- Be) 
= 0J,7/ 08,_,+ B(a,+a,dM,_,/dp). 


Expression (7) describes how contraceptive 
use varies across households with differing 
fecundity, when fecundity is known by the 
households. Households containing more 
fecund women are more likely to use fertility 
control because: (i) they will have more 
children at the beginning of the period; and 
(ii) they can expect more children in the 
future period. As long as more fecund wom- 
en also have more realized births cumula- 
tively (i.e., dM,_,/du> 0), there will be a 
positive association between individually per- 
sistent fecundity and use of contraceptives. 
In the case where households treat “ex- 
cess” births (net of control) as purely ran- 
dom even though fecundity persistence exists, 
the association between J7 and fecundity is 


(8) 95,7/dp = a,B(1+ dM,_,/dp) 
+ age( p — Bc) 
= dJ7/de,_, + 048(dM,_,/dp). 


choices and actual fertility. More-fecund women will still be more likely—_ 
oo 


aD 
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than less-fecund women to use contracep- 
tion. As long as higher fecundity increases 
realized births, lack of knowledge about indi- 
vidually persistent fecundity decreases, but 
does not eliminate, the positive association 
between the likelihood of control and fecun- 
dity. 

Women thus modify their selection of con- 
traceptives on the basis of their realized 
births. Given the persistence of fecundity 
over time, estimates of the effect of con- 
traceptive use on fertility, based on samples 
of women who have already had some fertil- 
ity experience, will be biased, if heterogene- 
ity is not taken into account. In particular, if, 
as our framework suggests, more-fecund 
women use contraceptives more often or more 
efficaciously, contraceptive effectiveness will 
be underestimated. 

If there is also heterogeneity in prefer- 
ences, the direct association between prior 
fertility and current contraceptive use, as 
estimated in Robert Michael (1973), Michael 
and Willis (1975), and Daniel McFadden 
(1975), will not indicate how fecundity affects 
contraceptive choice. Thus the direction and 
magnitude of the bias in studies of con- 
traceptive effectiveness cannot be inferred 
from these studies, since the distribution of 
actual cumulative fertility across women will 
reflect both variation in preferences, 7, and 
in fecundity, p. The slope of the association 
between cumulative fertility and current val- 
ues of the utility differential associated with 
contraceptive choice in a population heter- 
ogenous in fecundity and in preferences con- 
sists of three terms: 


(9) aJ7Z/dM,_,= 95,7/de,_, 
+[dM,_,/dt]"*(Be— p) a, 
+ Ba, + 04(dM,_,/dp). 

Women with higher cumulative fertility at 


the start of period ¢ are likely to be more 
fecund, and thus will be more likely to use 


®In each of these studies of contraceptive choice, the 
samples are stratified by the number of children born. 
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contraception in period z, for given prefer- 
ences; however, higher-fertility women are 
also more likely to prefer children relative 
to other goods X, for given fecundity 
(dM,_,/dz < 0), and thus will be less likely 
to contracept in period ¢, since they will 
derive less utility from the savings generated 
(Bc — p) by contraception. The estimated re- 
lationship between prior fertility and current 
contraception is likely to underestimate both 
the effect on contraceptive practice of an 
unanticipated change in fertility and the 
effect of fecundity variation on contraceptive 
choice; clearly, the estimated relationship be- 
tween lagged fertility and contraceptive use 
does not correspond to either of these ana- 


-lytically distinct effects. 


Similar considerations apply to associa- 
tions between past fertility and the woman’s 
current labor supply decisions, as estimated 
in most female labor supply studies (James 
Smith, 1980). The model indicates that wom- 


_en at the start of period ¢ will compare 


expected utilities in period ¢ with respect to 
the labor force participation decision L,; 
that is, 


(10) Jé=£,(UJL,=1; 9,) 
E E,(U|L, =0; Q,). 


The effect on the expected utility differential 
JE of an unanticipated increase in the num- 
ber of births in period t —1 is given by 


(11) 


The sign of (11) is ambiguous. Unanticipated 
“excess” fertility increases the marginal util- 
ity of the X-good relative to that of children 
and thus increases the returns to work. How- 
ever, if children and the mother’s home time 
are complements (a, > 0), the returns to re- 
maining at home also increase. The relation- 
ship between labor force participation and 
fecundity is given by 


aS /de,_; = Ag He a We. 


(12) oJ £/dp=(a,—a,We)(1+dM,_,/di), 


which again depends on whether or not 
more-fecund women. have higher cumulative 
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fertility at any age. However, the stimated 
association between prior fertility and the 
expected utility differential associated with 
the current labor supply decision in a popu- 
lation characterized by latent varation in 
both fecundity and preferences (for X) is 





The dynamic response of mother’s leisure 
(or, conversely, market labor supp2y) to ex- 
ogenous variation in fertility due to per- 
sistent and random fecundity is coafounded 
by preferences. Since families wih higher 
preferences for consumption gooi X are 
likely to have lower cumulative fertility at 
any age, lower-fertility couples wil be more 
likely to prefer increased X or market in- 
come; the labor supply “response” to prior 
fertility “shocks” measured by (13) rather 
than by (11) or (12) will be biasec upwards 
in absolute value. 


H. Estimating Dynamic Responses to 
Fertility Supply Variation 


The simple dynamic formulatien of the 
contraceptive choice and labor sugply prob- 
lems in the presence of costly fertil:ty control 
and exogenous variation in fecund=ty implies 
that when a couple realizes an unenticipated 
birth, this “supply shock” is likely to reduce 
fertility demand, and be manifesed (i) in 
the subsequent adoption of a cortraceptive 
regime that is more effective thar it would 
otherwise have been, and (ii) in a subsequent 
reduction in labor supply, if home time and 
children are complements. If the source of 
the positive shock in fertility is a persistent 
individual effect, called here “fecundity,” 
then the tendencies to use more effective 
contraceptives and to restrict lator supply 
are strengthened, for persistence implies that 
the couple will already have more births 
before the current period and the couple may 
appreciate that they can expect more births 
in subsequent periods, other factors being 
equal. This larger number of bicths cumu- 
lated before the current period .trengthens 
the motivation to restrict furtaer births, 


ROSENZWEIG AND SCHULTZ: FERTILITY 997 


whether or not the couple can identify its 
individual fecundity. Thus, the absolute size 
of the behavioral response to innovations 
from fecundity (p) should (i) be larger than 
the response to random shocks, (e), and (ii) 
increase as the couple ages, since older cou- 
ples will have cumulated more fertility ex- 
perience. Older couples are also more likely 
to be able to distinguish random from cou- 
ple-specific persistent errors, compared to 
younger couples. 

As noted, since realized births may reflect 
both persistent and unobserved preferences 
and biological supply factors, tests of propo- 
sitions about the consequences of fertility 
supply variation require the isolation of the 
persistent and exogenous supply components 
of fertility from their demand components. 
As can be seen from the reproduction func- 
tion (1), knowledge of $, the effect of con- 
traception on fertility (or a vector of £’s if 
there are multiple contraceptive devices), 
combined with information on contraceptive 
use and realized births, would enable estima- 
tion of the » and e; as in any period i, 
Bj +8,,=Ni,+ BZ,,- yla +i). 

The dynamic interactions between the 
supply of and demand for births implied by 
the model, combined with heterogeneity in 
couple-specific supply propensities imply, 
however, that information on the effective- 
ness of contraceptives based on observed 
associations between conception rates and 
contraceptive use will be misleading. Heck- 
man and Willis have shown that persistence 
in couple-specific fecundity yields biased 
estimates of the 8’s, and estimate that the 
couple-specific intertemporal correlation be- 
tween monthly conception rates is over .5. 
Their maximum likelihood procedures, how- 
ever, do not take into account relationships 
between contraception and fecundity; that is, 
couples discontinuing use of a particular 
contraceptive or switching contraceptives in 
response to their fertility (or nonfertility) 
experience. Our model implies that couples 
using a particular technique (after some 
fertility experience) will not be randomly 
(self-) selected with respect to fecundity. 

Our strategy for obtaining consistent es- 
timates of the 8’s, and thus of the exoge- 
nous supply components of fertility, is to use 
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time-aggregated information on conceptions, 
pregnancies, and contraceptive use in an in- 
strumental variable procedure.? We estimate 
the conception rate for a couple over some 
period as a function of the fractions of that 
aggregated period the couple used different 
types of contraceptives. If equation (1) is 
aggregated over S periods and fertility con- 
trol Z is used in f of these periods, then the 
time-aggregated version of (1) is 


s 
(1)  nj=p;+ } sjt+yAj- BE, 


i=l 


where f= = f,/S = the fraction of the aggre- 
gate period of exposure in which birth con- 
trol is used, n=X3_,N,,/S = birth or con- 
ception rate, and A=average age in the 
period. 

The model implies that F, will be corre- 
lated with both the ¢,, and with u; (serial 
correlation is not necessary), as couples will, 
during the period, exercise control or not in 
response to within-period supply shocks. In- 
strumental variable estimates of the self- 

selected inputs would provide, however, con- 
sistent estimates of $, and thus of p, and 
the aggregated «;; Because F, reflects the 
couple’s demand for children, it is a function 
of preferences, prices ( p, c, W,), and income 
(V;). As long as these variables are orthogo- 
nal to fecundity, the usual set of fertility 
demand variables may thus serve as instru- 


%An alternative strategy would be to parameterize the 
distribution of unobservables and to estimate jointly the 
reproductive technology and preference parameters as- 
sociated with the model of Section II. However, this 
estimation cum dynamic programming approach is ex- 
tremely expensive and would necessitate severe simplifi- 
cations with regard to functional forms and especially 
with regard to the number of control variables (Wolpin). 
Instead, we employ a method which enables estimation 
of a more complex technology, involving multiple meth- 
ods of control. We estimate reduced-form effects of 
persistent and random fertility supply shocks, recon- 
structed from the estimates of the reproduction tech- 
nology, on resource allocations over the life cycle. These 
are based on estimating equations in which only vari- 
ables predetermined as of the first period of the plan- 
ning horizon or lagged random shocks occuring within 
the planning interval appear as determinants of life 
cycle resource allocations. 
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ments for F, and permit identification of the 
supply technology.'° f 


IE. Data and Estimation of the Reproduction 
Technology: The Supply of Births 


Data are drawn from a longitudinal sam- 
ple of women from the 1970 National Fertil- 
ity Survey (NFS) who were reinterviewed in 
1975. The 1970 sample was a national repre- 
sentative sample of 6752 ever-married wom- 
en born since July 1, 1925. Two thousand 
three hundred and sixty-one women of the 
original 1970 sample were reinterviewed in 
1975. Their selection was based on being in 
intact first marriages (for both spouses), 
where the wife’s age at marriage was less 
than 25, and the duration of the marriage 
was less than twenty years at the time of the 
first interview in 1970. Only white couples 
were included in the 1970-75 panel. A de- 
scription of the 1970 NFS and an outline of 
the design of the 1975 resurvey are presented 
in Charles Westoff and Norman Ryder 
(1977). 

The survey provides a month-by-month 
calendar of contraceptive use, by technique; 
pregnancies, pregnancy outcomes, inter- 
course behavior of the couple (abstinence or 
not), and labor market behavior by the wife 
from the 1970 to the interview data in 1975, 
as well as the usual socioeconomic informa- 
tion in both 1970 and 1975. The residential 
location of the couple in 1970, which is as- 
sumed relevant for reproduction in the 
period, is also provided. Based on this latter 
information, a series of variables were 
appended to the micro data to describe the 
state or SMSA in which each couple resides, 


There are three reasons why prices and personal 
characteristics of the couple might be correlated with 
fecundity. First, if there are omitted inputs in the repro- 
duction function, the determinants of those inputs will 
appear to be correlated with the conception rate. Sec- 
ond, even if all endogenous inputs are accounted for, 
there may exist latent, couple-specific health factors that 
jointly influence fecundity and the couple’s earnings 
potential or ability to obtain schooling. Third, local-area 
input prices may be related to the couple’s endowments 
if the couple’s choice of location is influenced by such 
endowments. 
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including local prices, labor markt char- 
acteristics, and measures of the avzilability 
of public health and family planning services. 
The dependent variable measuring fertility 
is the number of conceptions occurring be- 
tween the interview dates divided. by the 
months of exposure to the risk of corception, 
namely, the months in which the wife was 
not pregnant and/or in which the couple 
was not abstaining from intercourse." Four 
fertility control variables are corstructed 
based on the monthly calendar information: 
the proportions of the total exposuse period 
between 1970 and 1975 (during which the 
woman was subject to the risk of conception) 
that the couple was 1) sterilized, 2) using 
the pill or IUD, 3) using the diapiragm or 
condom, 4) using “ineffective” techniques 
(foam, jelly, rhythm, etc.), The grcuping of 
contraceptive methods is based on standard 
conventions and beliefs on the. relative 
effectiveness of such methods in the U.S. 
population (Barbara Vaughan et al. 1977; 
Westoff and Ryder; Bongaarts and Potter).!* 
Note, however, that none of these stadies has 
taken into account biases associeted with 
self-selection of birth control techniques. 
Also included in the reproduct-on func- 
tion, and treated as endogenous are the 
number of children born by 2970, the 
monthly frequency of intercourse. and the 
wife’s smoking.!? The monthly frequency of 


Exposure to the risk of conception is -lso reduced 
by one month following each birth (postpartum amenor- 
thea). Estimates were also obtained with the postpartum 
period assumed to be as long as three morths for each 
live birth, but the results were essentially unchanged, 
with coefficient standard errors somewhat higher. The 
period during which either partner was s2rilized was 
not subtracted from months of exposure; s=rilization is 
treated as a contraceptive method that, znlike absti- 
nence, has a failure rate. 

12 F.tests were performed to determine if these groups 
appeared to combine inputs of different =ffectiveness, 
but the statistical tests based on the liner, two-stage 
estimation methodology described below lid not sup- 
port further disaggregation; for example, the effect of no 
method could not be distinguished from that of un- 
known or uncertain methods. 

13The age of the mother, and her age squared, are 
also included in the reproduction function. Inclusion of 
the husband’s age did not produce a statistically signifi- 
cant effect in the basic specification of the fertility 
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intercourse is reported in 1970 and 1975, and 
the average is assumed to apply uniformly 
throughout the period of exposure. Months 
of abstinence from intercourse during the 
five-year period, as noted, are excluded from 
the period at risk. Smoking by the mother in 
1970 may influence reproductive capacity, 
since it appears that smoking reduces gesta- 
tion and birth weight, and elevates infant 
mortality and fetal wastage (see our 1983 
article and Kate Praeger et al., 1984), and 
thus could influence pregnancy wastage and 
the likelihood of conception. Unfortunately, 
the amount of smoking during the period is 
not known, only whether the woman smoked 
in 1970. (Note in Table 1 that coding is 
inverted for this variable.) 

The set of instruments characterizing the 
couple’s tastes, opportunities, and con- 
straints is extensive; information is employed 
on the personal characteristics of the couple 
that were thought to be exogenous with re- 
spect to the fertility decision, such as the 
husband’s earnings (not that of the wife’s) 
and the husband’s and wife’s education, reli- 
gious affiliation, and age, and features of the 
residential area that influence employment 
opportunities and the relative costs of chil- 
dren and other goods, including medical and 
family planning infrastructure and services, 
and local sales taxes and prices. (See Table 1 
for full list.) 

The final sample with complete reproduc- 
tive histories and sets of characteristics and 
who were capable of conceiving at the 1970 


production function. It has been suggested by Barbara 
Anderson (1975) that in Ireland, prior to 1911, census 
data indicate that increasing male age is associated with 
decreasing marital fertility, holding constant for the age 
of the female. This hypothesis is also employed by 
Ansley Coale, Anderson, and E. Harm (1979) to account 
for unexpected increases in age-specific marital fertility 
rates in central Asian regions of the USSR where the 
age gap between spouses may have decreased in the 
twentieth century. We also included the number of 
children breast fed during the 5-year period as an en- 
dogenous determinant of the risk of conception (A. K. 
Jain and Bongaarts, 1981). However, in none of the 
two-stage specifications did this variable display any 
significant effect on the conception rate and it is dropped 
from the reported analysis. 
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P TABLE 1— VARIABLE DEFINITICNS AND SAMPLE CHARACTERISTICS 
Standard 
Variables Definition Mean Deviation 
Endogenous Variables 
Average Monthly Ratio of the number of conceptions to the number 
Conception Rate, 1970-75 of months of pregnancy risk (exposure period)* .0128 0181 
Sterilization Proportion of exposure period, 1970-75, that is 
protected by sterilizaticn 155 277 
Pill or IUD Proportion of exposure period, 1970-75, 
using the pill or IUD. 408 397 
Diaphragm or Condom Proportion of exposure period, 1970-75, 
using the diaphragm or condom 146 304 
Ineffective Methods Proportion of exposure period, 1970-75, using jelly, 
foam, douche, withdrawal, rhythm, or other methods 132 281 
No Method Proportion of exposure period, 1970-75, 
using no method (or do not know) 160 286 
Births Number of live births bora to mother before 1970 1.95 1.49 
Not Smoking Mother is smoking in 1970 (1 = Yes, 2 = No) 1.65 ATT 
Coital Frequency Average monthly coital frequency, 1970 and 1975 8.65 491 
Exogenous Individual Characteristics 
Education Years of schooling completed by wife 12.7 2.60 
Income 1970 Husband’s earned yeazly income 
before taxes in 1970 $ 9420 3820 
Income 1975 Husband's earned yearly iacome before taxes 
in 1975 $ 16100 8040 
Husband's Age Age of husband in months in 1970 359, 77.2 
Wife's Age Age of wife in months in 1970 329 69.4 
Wife Protestant 609 -238 
Husband Protestant 600 241 
Wife Catholic 290 .206 
Husband Catholic 276 .290 
Wife Jewish 0164 0161 
Husband Jewish 0169 0166 
Wife Mormon 0327 0316 
Husband Mormon 0304 0295 
Exogenous Area Characteristics? 
Health Expenditures Local government health and hospital expenditures 
in thousands of dollars rer capita, 1965, 
at state or SMSA level (107) 294 119 
Family Planning Number of health departments with 
in Health Department family planning services per capita, 
1969, at state or SMSA lzvel (10°) 907 3.73 
Family Planning in Hospitals Number of hospitals with departments with family planning 
services per capita, 1369, at state level ( x 105) .286 462 
Population per M.D. Number of persons per medical doctor, 1969, 
at state or SMSA level 1630 1030 
Metropolitan One if located in SMSA, 0 otherwise 538 499 
City Size Population in SMSA in 1970 (x 107 3) 1280 2460 
Hospital Beds Number of hospital beds per capita (Xx 102), 
1965, state level 480 AW 
Obstetrician- Number of obstetricians-gynecologists per capita, 1969, 
Gynecologists per Capita at state or SMSA level (x104) 755 687 
Female Unemployment Proportion of women in labor force, age 15-59, 
Proportion unemployed, 1970, at state level 0510 00978 
General Unemployment Proportion of the labor force unemployed, 1970, 
Proportion at state level 0407 0110 
Share of Jobs in Services Percent of persons employed in services, 1970, 
at state level (X10) 75.5 18.0 
Share of Jobs Sales Percent of persons employed in sales, 1970, 
at state level (10) 248 52.8 
Share of Jobs in Government Percent of persons employed in government, 1970, 
at state level (X 10) 167 61.8 
Cigarette Price Price of cigarettes before taxes, cents per pack, 
1967-69, at state level 34.4 3.18 
Sales Tax Retail sales tax on cigaretes. cents per pack, 
1967-69, at state level 1.22 873 
Milk Price Retail price of milk per qua-t, 1970, 
at state level 26.9 2.40 





êThe period of exposure approximates the number of months between the two interviews that the woman is exposed to the risk of conception. 
Those months are excluded during which the couple abstain from intercourse and in which the woman is pregnant. The average period of 
exposure for the sample is 62 months, and if abstinent months were included, the average period of exposure would be increased by 1.3 percent. 
> Sources of the area characteristics are described in our 1983 article. Where both state and SMSA characteristics are used, those individuals 
residing in an SMSA are attributed the characteristics for that SMSA, and those residing outside of a SMSA are attributed the average 


characteristic for their state. 
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interview date contains 1753 couples.!4 The 
average age of the wife was 27.4 years in 
1970, and ranges form 15 to 42; the couples 
had on average 1.9 children in 1970 and had 
2.5 children by the second interview in 1975. 
Descriptive statistics for the working sample 
and variable definitions are reported in Ta- 
ble 1. 

Because the exposure period is ~elatively 
short—a maximum of five years—and the 
overall demand for children among _J.S. cou- 
ples is low, a large proportion of the sample 
had no conceptions (53 percent). As a conse- 
quence, use of least squares, even with in- 
struments, will yield inconsistent est:mates of 
the reproduction technology and this of the 
exogenous supply of births among the sam- 
ple couples.!* Accordingly, we emp-oy maxi- 
mum likelihood methods to estimate a limited 
dependent variable (Tobit) model Because 
the properties of the Tobit model estimates 
may be sensitive to the imposed ard unveri- 
fiable assumption of normality o: the un- 
derlying distribution of unobservzbles, the 
Tobit estimates could be more symptoti- 
cally biased than those estimates obtained 
using the linear specification (Fo-rest Nel- 
son, 1981). We report coefficient estimates 
from the linear and censored normal models. 
Both are estimated with and withcut instru- 
ments to assess the role of selection bias 
associated with fertility supply variation. 


IV. Estimates of the Reproduction T-chnology 


Table 2 reports the ordinary least squares 
(OLS), two-stage least squares (23LS), and 
single and two-stage Tobit estimetes of the 
reproduction function, with the expected 


Excluded were 191 couples (10 percer2 of observa- 
tions with complete responses on other characteristics), 
because either the husband or the wife had already 
become sterilized prior to the interview in 1970. Exclu- 
sion of these couples may introduce some -election bias 
into our estimates and may lead to an unc=restimate of 
the adjustments to and consequences of fertility supply 
variability. 

15n particular, the conception probabiLty should be 
constrained to be nonnegtive for all poss>le values of 
the conditioning variables, which is not the case in the 
linear model. 
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value derivatives derived from the Tobit lin- 
ear coefficients reported in brackets adjacent 
to the relevant Tobit index coefficients.'° The 
specified nine inputs directly explain (OLS) 
26 percent of the variation in the month- 
ly conception rate.: However, De-Min Wu 
(1973) and Hausman (1978) specification tests 
confirm, at the 1 percent level of confidence, 
that the seven conception inputs, excluding 
age, are jointly correlated with the “fecundi- 
ty” residual. Indeed, as predicted, the esti- 
mates of the reproductive effects of all of 
the contraceptive methods are understated 
by the single-stage estimates compared with 
the consistent, but somewhat less precise, 
two-stage estimates designed to deal with 
contraception selectivity. The estimated ef- 
fectiveness of the pill/IUD is understated by 
100 percent (linear) and 38 percent (Tobit), 
respectively; the estimated effectiveness of 
the diaphragm and condom increases by 107 
percent in either specification when instru- 
ments are used. The most significant bias 
appears to be imparted to the sterilization 
coefficient; the two-stage instrumented co- 
efficients are almost 9 times (linear) and over 
16 times (Tobit) the size of their single-stage 
counterparts. Notable is the implication of 
the two-stage estimates that the diaphragm 
and condom methods are on a par with the 
pill and IUD in contraceptive effectiveness 
as used by a representative couple; both 
methods, however, are less than half as 
“use-effective” as sterilization. 

The consistent two-stage Tobit point es- 
timates suggest that the sample mean con- 
ception rate when no method of contracep- 
tion is practiced is about 2.5 percent per 
month.!7 The change in conception rates as- 


16Estimates of the more flexible Diewert generaliza- 
tion of the linear (Leontief) specification of the repro- 
duction technology were also obtained. Though the val- 
ues of fertility implied by the two-stage estimates are 
plausible, the indirect estimation of the collinear inputs 
does not provide any precise estimates (i.e., low t’s) and 
there is no basis on statistical grounds for preferring this 
flexible functional form to the functional form reported 
here. 

17Underreporting of pregnancy wastage and perhaps 
induced abortion are a source of measurement error that 
may render this estimate somewhat lower than the true 
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TABLE 2—-LINEAR AND CENSORED NORMAL (TOBIT) SPECIFICATIONS OF THE REPRODUCTION FUNCTION: 
SINGLE-STAGE AND TWO-STAGE ESTIMATES 


Linear Model Coefficients 





OLS 
Explanatory Variables G) 
Proportion of Exposure Period Protected by 
Sterilization? — .00453 
(2.44)? 
Pill or IUD? — 0112 
(7.39) 
Diaphragm or Condom — 00509 
(2.99) 
Ineffective Methods? — 00277 
(1.52) 
Births before 1970 (x 107) — 0940 
(2.91) 
Coital Frequency (x 1073) —.143 
(1.85) 
Not Smoking* 00133 
(1.70) 
Age of Woman (1073) — 364 
(7.14) 
Age Squared (x10~°) 356 
(4.88) 
Intercept 0994 
(11.46) 
Standard Error - 
R? .264 
F/1n likelihood 69.45 


Endogenous variable. For instrument list, see Table 1. 


ML Tobit Index Coefficients 


2SLS Single Stage Two Stage 
(2) G) 4 
.0399 — 00448 ~ 0722 
(2.93)° (1.22)° (3.18)° 
[—.00236]¢ [-.0380]9 
~ 0232 — 0229 — 0315 
(2.27) (7.52) (1.86) 
[—.0120] [~.0165] 
— 0161 —.0115 — 0295 
(1.38) (3.27) (1.51) 
[—.00604} [—.0155] 
— 00861 — .00388 — 00751 
(0.58) (1.07) (0.31) 
[—.00204] [-- .00395] 
0539 — 184 0225 
(0.35) (2.76) (0.09) 
122 —~ 358 138 
(0.17) (2.41) (0.11) 
0172 .00266 0291 
(3.41) (1.71) (3.51) 
— 284 — 225 ~.0481 
(3.01) (2.09) (0.30) 
241 — .0869 — 304 
(1.95) (0.54) (1.40) 
.0677 — 0967 0283 
(4.23) (5.49) (1.05) 
- .0262 .0270 
- (38.99) (38.67) 
42,47 1361 1322 


bAbsolute values of t-ratios are shown in parentheses beneath regression coefficients. 
“Absolute values of asymptotic t-ratios in parentheses beneath regression coefficients. 
“Bracketed terms are the derivatives of the expected value of the conception rate evaluated at the sample mean 


values, ` 


sociated with the use of a specific contracep- 
tive based on the estimated Tobit index 
coefficients suggests that switching from no 
method to sterilization, the pill or IUD and 
the diaphragm or condom reduces the prob- 
ability of conception, given sample usage, to 
zero, by 55 and 52 percent, respectively. The 
coefficient for ineffective methods is not sta- 


“natural” conception rate, and could explain the unex- 
pectedly high effectiveness of the presumptively “less 
effective” diaphragm/condom methods; in other words, 
when couples who use these methods fail, they may 
resort to (unreported) abortions. 


tistically different from zero, indicating that 
such methods are classified appropriately. 
The two-stage Tobit coefficients for the wife’s 
age are also estimated too imprecisely to 
depict accurately the age trajectory of poten- 
tial fertility supply. However, the age vari- 
ables are jointly statistically significant (x? 
test, .05 significance level). 

Of the other reproduction variables, the 
number of births accumulated prior to 1970 
is negatively correlated with the monthly 
probability of conception from 1970 to 1975 
(OLS and single-stage Tobit estimates); 
however, this pattern is apparently not rooted 
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in reproductive biology, as neither the two- 
stage linear nor the Tobit estimates reveal 
any statistically significant relation.hip be- 
tween prior fertility and subsequent concep- 
tion rates, given contraception. Not smoking 
appears to increase the conception rate ac- 
cording to the two-stage estimates, a is con- 
sistent with recent findings in the medical 
literature (Praeger et al.). The date do not 
confirm any significant effect of ccital fre- 
quency on fertility: the direct as-ociation 
(single stage) is weak but inverse, whereas 
the two-stage estimates are essentially zero, 
though of the anticipated sign. The imprecise 
estimate of the coital frequency effec may be 
in part due to the inability of the ins.ruments 
to predict well the variation in this variable 
(R? =.067). 


V. Fecundity, Fertility, and Life Cycle 
Adjustments in Contraception, Female Labor 
Supply, and Earnings 


The two-stage Tobit estimates of the effects 
of contraception on the monthly probability 
of conception, while interesting ty them- 
selves, enable the separation of tke behav- 
iorial and biological components of fertility 
so that the consequences of var-ation in 
fertility supply can be assessed. The wo-stage 
estimates provide a consistent pred:ction for 
each couple of its fertility (concep ion rate) 
based on its actual choice of contraceptives. 
The difference between this consistent pre- 
diction, based on the reproductior technol- 
ogy and actual behavior, and the couple’s 
actual conception rate contains the Yersistent 
and random components of fertilit~ that are 
beyond the couple’s control, namely, unex- 
plained deviations in fertility supply. These 
prediction “errors” can be computed for dif- 
ferent segments of the life cycle ir order to 
decompose the supply errors into their per- 
sistent and random parts.}® 


18 There are several sources of unexplaired variation 
in birth rates that might be subsumed in p znd the ¢, in 
equation (1). Statistical noise that arises fram errors in 
measuring the explanatory inputs would be captured in 
the residuals, along with misspecifications = functional 
form and omissions of minor inputs that ase not corre- 


ROSENZWEIG AND SCHULTZ: FERTILITY 


1003 


Because of the truncation at zero of the 
conception probability, and hence the use of 
the Tobit estimation procedure, the pre- 
dicted or expected value of the conception 
rate nf, for each couple j in period ï is 
computed from the formula: 

(15) ni = E(n,;) = ©, B'F,, + 09;;, 

where B’ is the vector of estimated (two-stage) 
Tobit index coefficients (Table 2, col. 4), F;; 
is the vector of actual input values for couple 
j in period i, ® and ¢ are the cumulative 
normal and normal density values evaluated 
on the basis of the couples’ actual input 
values, and o is the estimated Tobit standard 
error. A consistent (i.e., as t goes to infinity) 
estimate of the persistent or fixed component 
of fertility supply for a couple j for whom 
fertility, net of inputs, is computed for each 
of ¢ periods, from (15), is 


t 


b= L (nj - ni,)/t 


i=1 


(16) 


and thus the period-specific, unanticipated 
fertility component is 
(17) -Ey = Nig — Niy— By- 

To estimate a couple’s response to varia- 
tion in the persistent and transitory supply 
components, we divide the five-year period 
containing the calendar information from 
which the reproduction technology was es- 
timated into two equal two and one-half year 
segments to compute u and £. Our estimates 
imply that somewhat more than half of the 
unexplained variation in fertility is per- 
sistent; that is, 07/(07 + o2) =.56. While a 
greater number of interval segments might 
be desirable for estimating the permanent 
and transitory components of fertility supply, 
short intervals provide little information 
about fecundity in a setting where the aver- 
age level of contraceptive effectiveness is high, 
as in our sample. 


lated with the included inputs. As a consequence, our 
estimates of the effects of fecundity variation will be 
biased toward zero. 
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TABLE 3— EFFECTS OF EXOGENOUS FERTILITY SUPPLY ON ACTUAL FERTILITY 
IN 1975 AND 1970" 
Children Ever Born 
1975 1970 
Explanatory Variables @ (2) B) 
p-Persistant Individual - — 49.0 42.6 
Fixed Effect (fecundity) (4.37) (5.03) 
p X Wifes Age - .202 147 
(6.45) (5.07) 
Education — .104 —.111 —.131 
(5.02) (5.72) (7.27) 
Income 1970 (x 1074) 144 140 .207 
(1.26) (1.30) (2.07) 
Income 1975 (X107*) .0526 0272 .0150 
(1.02) (9.56) (0.33) 
Wifes Age .0235 0261 0371 
(4.50) (5.31) (9.66) 
Wife’s Age Squared (x 10~*) —.245 —.263 — 407 
(3.90) (4.47) (7.44) 
Husband Protestant .206 .139 0345 
(1.42) (1.02) (0.27) 
Husband Catholic 409 .389 .289 
(2.54) (2.58) (2.06) 
Husband Jewish — .0650 — .0361 — 00824 
(0.10) (0.06) (0.01) 
Husband Mormon 775 619 .281 
(1.73) (1.47) (0.71) 
Female Unemployment Rate 1.61 2.85 — 4.02 
0.16) (0.31) (0.47) 
Family Planning in Health Department —1839 —2355 —1515 
(1.40) (1.92) (1.33) 
Health Expenditures 99.1 127 f 100 
(2.28) (3.11) (2.64) 
Intercept —6.75 — 4.93 —4.94 
(1.99) (1.54) an) 
R? .181 .282 .412 
F 11.85 19.80 35.34 


*Ail instruments in Table 1 are included, but only selected socioeconomic variables 
are reported. Absolute values of t-ratios are shown in parentheses beneath regression 


coefficients. 


If the measure of fecundity u based on the 
average of the two intervals from 1970-75 
reflects that component of fertility supply 
that is persistent, then, given imperfect and 
costly fertility control, variation in » should 
explain a significant proportion of the vari- 
ance in the number of total births born to 
couples.!° Moreover, since p is denominated 


The most important properties of the p and e 
estimates are their independence from preferences and 
their correlation with exogenous variation in the supply 
of births. Two tests of these propositions were per- 
formed. First, we regressed intended births reported in 


the 1970 interview on the estimated measures of fecun- 
dity obtained from the 1970-75 period and on actual 
fertility in that interval. While this subjective measure of 
future fertility demand was a statistically significant 
predictor of actual births occuring in the subsequent 
5-year period, it was not statistically correlated with 
either u or e. In the 1975 interview, respondents re- 
ported, for each pregnancy, whether or not they had 
wanted additional children prior to the pregnancy, and 
iF so, whether they might have preferred to have the 
conception occur later. Regressions of the number of 
“unwanted” pregnancies and/or the number of errors 
in the timing of pregnancies on p and p interacted with 
the mother’s age indicated that these direct, subjective 
measures of excess fertility supply were significantly and 
positively correlated with our indirect (but nonsubjec- 
tive) measure of couple-specific fecundity. 
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as a conception rate, its effect on camulated 
births should increase over the life cycle of 
the couple. Columns 1 and 2 of Table 3 
report regressions of the number o7 children 
ever born on a set of socioeconomic variables 
reflecting the demand for births 2xcluding 
and including, respectively, the ccnstructed 
measure of couple-specific fecundi-y and its 
interaction with the wife’s age. As expected, 
couples with a higher biological propensity 
to conceive, net of their efforts -o reduce 
conceptions or births, do accumula-e increas- 
ingly more births as they age, after age 20. 
Indeed, explanatory power increases by 60 
percent when the fertility supply ard supply- 
age interaction variables are added to the set 
of demand (instrumental) variabes. Inter- 
couple heterogeneity in the exogenous supply 
of births accounts for slightly moze than 10 
percent of the total variation in -umulated 
births across families. 

Figure 1 plots the cumulative 2ffects on 
children ever born of variation im p of one 
standard deviation around the sample mean, 
based on the p coefficients in co-umn 2 of 
Table 3. As shown, couples with æ fecundity 
level that is one standard deviatior above the 
mean accumulate 0.44 “extra” births by the 
time the wife is age 30, 0.68 additional births 


FIGURE 1. CHE_LDREN EVER BORN BY AGE AND FECUNDITY 


at age 35, and 0.90 additional births when 
the wife reaches age 40. 

The positive association between u and 
cumulative fertility that increases with age 
could be merely an artifact of p being mea- 
sured in the last five years of each couple’s 
life cycle. The same regression is reported, 
therefore, employing children ever born in 
1970 as the dependent variable. Fecundity, 
as measured in the 1970-75 period, should 
be related to fertility before 1970, if u repre- 
sents a persistent biological predisposition to 
conceive, and column 3 of Table 3 displays 
essentially the same patterns as when the 
later measure of fertility is employed. Cou- 
ples observed to have higher fecundity in the 
1970-75 period also appear to have accu- 
mulated a greater number of births by 1970, 
if the wife was then over age 24. We feel 
justified, therefore, in tentatively interpreting 
our estimate of p as the individually per- 
sistent component of fertility supply, as a 
measure of couple fecundity. 


A. Contraceptive Selection 
The shortfall or excess in births associated 


with fecundity variation is the net result of 
both the inherent propensities to conceive 
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TABLE 4-— EFFECTS OF EXOGENOUS FERTILITY SUPPLY IN 1970-1972 ON CONTRACEPTIVE USE IN 1973-75, 
By METHOD, AND ON FERTILITY DEMAND IN 19757 


Pill or 
Sterilization IUD 
Explanatory Variable ML Tobit ML Tobit 
p-Persistant Individual 14.5 —1.15 
Fixed Effect (fecundity) (5.52) (1.06) 
e-Random Effect —2.64 1.83 
(1.43) (1.49) 
Intercept — 445 -101 
(2.97) (4.74) 
Standard Error 970 745 
(5.38) (41.4) 
In likelihood 1364 1651 


Proportion of Period June 1972 to 1975 Using Method: nnn 
Diaphragm Ineffective Births 
cr Condom Methods No Method in 1975 
ML Tobit ML Tobit ML Tobit ML Tobit 
5.25 — 5.58 .152 — 13.0 
(3.02) (3.25) (0.14) (3.07) 
— 2.49 — 3.26 —10.8 1.20 
(1.26) (1.69) (7.69) (0.34) 
—.751 —.795 —.418 — 2.30 
(14.0) (14.94) (9.92) (13.7) 
996 958 .114 2,25 
(23.1) (22.2) (17.1) (18.5) 
1093 1000 1095 1040 


*Absolute values of asymptotic f-ratios are shown in parentheses beneath index coefficienis. 


and a couple’s allocative response to such 
supply constraints. As the model suggested, 
whether or not couples can distinguish per- 
sistent from random supply shocks, they will 
react to them over time by reallocating re- 
productive inputs in order to better equi- 
librate their realized supply of births to their 
demand for births. Table 4 reports maximum 
likelihood Tobit coefficients describing how 
variations in fecundity (u) and how random 
fertility shocks (£), as measured in the first 
2.5 years of the 1970-75 interval, affect 1) 
the mix of contraceptive methods chosen in 
the second 2.5-year period, and 2) the de- 
mand for additional births at the end of the 
interval in 1975, as measured by the couples’ 
responses to a question concerning their “in- 
tended” number of children. All coefficients 
are estimated using maximum likelihood 
Tobit to take account of the concentration of 
observations at zero for each dependent vari- 
able. 

The findings in Table 4 indicate that cou- 
ples with above-average fecundity become 
sterilized earlier, use the diaphragm or con- 
dom more frequently, and use ineffective 
methods less frequently in the later interval. 
For given fecundity, couples experiencing an 
unexpectedly higher conception rate in the 
first interval spend a smaller proportion of 
the next interval without any protection and 
employ ineffective methods less frequently 


compared to couples who had experienced 
no fertility “shock.” Such couples are also 
marginally more likely to use the pill or IUD 
and marginally less likely to become steri- 
lized. The evident reluctance of couples with 
only a temporary shock to fertility to employ 
the more permanent and irreversible form of 
contraception compared to couples with 
higher fecundity is further confirmation that 
p is measuring the more persistent compo- 
nent of fertility supply. Finally, the last col- 
umn of Table 4 indicates that, as expected, 
more-fecund couples reduced their demand 
for additional births or, conversely, sub- 
fecund couples had a higher unmet demand 
for children by 1975.”° 

A natural way to summarize quantitatively 
the contraceptive adjustments made over the 
life cycle by couples experiencing different 
fertility supplies is to weight, for each couple, 


20 While couples make substantial adjustments in their 
selection of fertility control methods in response to 
variations in the supply of births, fecundity has no 
spillover effect on sexual activity among married cou- 
ples. Neither the frequency of sexual intercourse re- 
ported in 1970, nor that reported in 1975, nor the 
incidence of abstinence were significantly correlated with 
our measures of exogenous fertility supply or the fertil- 
ity demand variables. These results are supportive of 
one of the basic assumptions in Malthus (1798), that 
there is a “constant passion between the sexes.” 
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TABLE 5— EFFECTS OF EXOGEMOUS FERTILITY SUPPLY AND ACTUAL FERTILITY, BY 1972, 
ON CONTRACEPTIVE EFFECTIVENESS IN 1973-75° 


Explanatory Variable 
p-Persistent Individual 
Fixed Effect (Fecundity) 

u X Wife’s Age (X107?) 

e-Random Effect 

ex Wife’s Age (X107*) 

Children Ever Born (CEB), 1972 (X107?) 
CEB x Wife’s Age (X1075) 

Children Born (CB), 1970-72 (x107?) 
CB x Wife’s Age (x 1075) 

Education (X107?) 

Income 1970 (X1077) 

Income 1975 (X1077) 
-Wife’s Age (X 1073) 

Wife’s Age Squared (x 107°) 
Husband Protestant (x 1077) 
Husband Catholic (x 107?) 

Husband Jewish (x107?) 

Husband Mormon (X10?) 

Female Unemployment Rate 

Family Planning in Heath Department 
Health Expenditures 

Intercept 


R? 
F 


Specification 
@) ®© @ 4 
137 — 443 - - 
(10.16) (5.09) 
- .180 - Los 
(6.75) 
.0350 0151 - - 
(2.28) (0.15) 
- .659 - - 
(0.21) 
= - 236 -567 
(11.5) (4.72) 
_ - - —.814 
(2.78) 
- - 373 —.927 
(0.72) (0.29) 
- - - .205 
. (0.22) 
— 434 — 487 —.143 —.0771 
(2.78) (3.16) (0.91) (0.49) 
102 0941 490 310 
(1.19) (1.10) (0.57) (0.36) 
0013 0493 153 147 
(0.29) (0.13) (0.40) (0.38) 
.204 198 112 0710 
(5.60) (5.50) (3.01) (1.50) 
—.239 — .230 —.143 — 0696 
(5.05) (4.91) (2.99) (1.09) 
— 0917 — .0885 — .0792 — .0734 
(0.84) (0.82) (0.73) (0.68) 
— 0602 — 0749 —1.42 —1.31 
(0.50) (0.63) f (1.19) (1.10) 
—.917 — 8.78 — 7.88 —7.65 
(1.96) (1.91) (1.70) (1.66) 
—.511 ~ 4.35 —5.12 —5.14 
(1.51) (1.31) (1.53) (1.54) 
— .0219 — 0235 — .0357 — .0365 
(0.30) (0.32) (0.49) (0.50) 
150 146 99.1 92.9 
(2.51) (2.47) (1.68) (1.59) 
— 148 — 0737 — 512 — 546 
(0.45) (0.23) (1.58) (1.69) 
.0170 0154 .0202 .0250 
(0.67) (0.62) (0.81) (0.99) 
118 145 .138 .143 
6.77 8.10 8.11 7.95 


"All instruments in Table 1 are included, sut only selected socioeconomic variables are reported. Absolute values of 
t-ratios are shown in parentheses beneath regression coefficients. 


the contraceptive effectiveness of each of the average effectiveness of contraceptive prac- 
methods, as estimated in column 4 Table 2, tices employed in the 1973-75 interval on u 
by the proportions of the interval each and e, as measured in the 1970-72 interval, 
method was employed by the coupB. Table5 and on the set of socioeconomic variables, In 
reports regressions of this measure of the column 1, Table 5, the hypotheses are con- 
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FIGURE 2. CONTRACEPTIVE EFFECTIVENESS BY AGE AND FECUNDITY 


firmed at the 1 percent level- that (i) couples 
with higher fecundity choose more efficient 
methods and (ii) the reallocation of methods 
is stronger when p varies than when there 
are changes in the serially uncorrelated 
supply of births, s. In column 2, the hy- 
pothesis that the adjustments to persistent 
fertility supply effects grow stronger over the 
life cycle is also confirmed—as higher-p cou- 
ples age, they adjust upward their contracep- 
tive effectiveness.” The point estimates indi- 


21Duration of marriage might provide a more accu- 
rate indicator of the couple’s accumulated knowledge of 
their fecundity than would the wife’s age. However, 
there is no reason to believe that age at marriage is 
unrelated to preferences for family size and/or for life 
cycle labor supply. Testing this hypothesis, anyway, we 
used duration of marriage and duration of marriage 
interacted with our measure of fecundity in the con- 
traceptive choice equations, analogous to the specifica- 
tions reported in Table 5. In all specifications, the 
coefficients on “marriage duration” were statistically 
significant at the .1 percent level. The explanatory power 
of the regression, corrected for degrees of freedom, 
exceeded that reported in the age-fecundity interaction 
specification reported in Table 5, with the positive effect 
of fecundity on contraceptive efficiency increasing after 
19 months of marriage. 


cate, as plotted in Figure 2, that couples 
whose fecundity is one standard deviation 
higher than the sample mean exhibit an aver- 
age contraceptive effectiveness that is 13 per- 
cent higher when the wife is age 25, 23 
percent higher when she is 30, and 45 per- 
cent higher when she is 40, compared to 
couples of the same age with average fecun- 
dity. As shown in Table 3 and Figure 1, 
however, these adjustments are not sufficient 
to offset fully the persistently higher concep- 
tion rate. The offset to the higher supply 
level is 10 percent by age 25 and reaches 
cnly 43 percent by age 40. Unwanted births 
according to these estimates are still a sub- 
stantial share of all U.S. births in 1970-75, 
as is consistent with subjectively ascertained 
responses from fertility surveys (Westoff and 
Ryder). 

In columns 3 and 4 of Table 5, the per- 
sistant and temporary measures of fertility 
supply are replaced by the couple’s actual 
fertility—its cumulated births through 1972 
and actual births occuring in the interval 
1970-72—in order to assess how well actual 
prior fertility serves as a proxy for exogenous 
fertility supply. This comparison enables us 
to measure the bias from, or the conse- 
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quences of, specifying actual fertility as a 
variable conditioning household decisions, 
when fertility itself also embodies the effects 
of household preferences. As discussed in 
Section II, the existence of a serial -orrela- 
tion in couple-specific preferences should bias 
downward the effect of fertility suppl. varia- 
tion on contraceptive choice when actual 
fertility is used to represent excgenous 
supply. This is confirmed in Table 5. The 
estimates of Table 3 indicate that u must be 
higher by .0427 in order for cumulated births 
to increase by one for a woman whose age is 
at the sample mean in 1972 (age D). The 
estimates of column 2 in Table 5 ndicate 
that this increase in fecundity, suffizient to 
raise actual fertility by one birth, would in- 
crease contraceptive effectiveness by D087 or 
by 54 percent. In contrast, a one-birta rise in 
actual fertility (column 4) is associated with 
only a .0028 or 17 percent increase in con- 
traceptive effectiveness at the sample means. 
The life cycle adjustment in contraceptive 
choice to fertility supply variation, as mea- 
sured by actual fertility, is less than ce-third 
that measured by using u, which pre-umably 
is purged of any fertility-preference compo- 
nent. The magnitude of bias is, therefore, 
considerable in treating fertility as exogenous 
in the study of contraceptive practices. 

The understatement of the dynamic ad- 
justments in contraception to fecunctty vari- 
ation is not the only consequenc: of re- 
gressing, essentially, current fertility demand 
variables (i.e., contraception) on lagged fer- 
tility, as in most previous studies of con- 
traceptive choice (Michael; Michael and Wil- 
lis). Since actual fertility, because it is 
partially demand-determined, is corditioned 
by prices and characteristics of the parents, 
lagged fertility will pick up the efects of 
these fertility determinants on current con- 
traceptive choice. This is also seen -n Table 
5. In column 2, in which p and - are in- 
cluded, the two most significant “Jemand” 
determinants of the effectiveness of con- 
traception, aside from age, are tle wife’s 
education and the extent of locel family 
planning programs.” In the specifications in 


22Note that in the 1970-75 period, mc-e-educated 
mothers use effective techniques less ofter; however, 
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which measures of prior fertility are included 
as regressors, however, the coefficients on 
these two variables are reduced substantially: 
the wife’s schooling coefficient is reduced in 
absolute value by 75 percent and loses its 
Statistical significance; the statistically sig- 
nificant positive family planning coefficient 
is reduced in absolute value by a third. 


B. Female Life Cycle Labor Supply 
and Earnings 


In the second half of the five-year interval 
between the 1970 and 1975 interview dates, 
64 percent of the sample wives worked at 
least four days per week in one month. Wives’ 
participation in the labor market, according 
to this definition, rose from 51 percent in any 
month during 1973 to 54 percent in the year 
preceding the last interview in 1975. Col- 
umns 1, 3, and 5 in Table 6 report Tobit 
maximum likelihood estimates of the effects 
of variations in the persistent and transitory 
measures of fertility supply on these mea- 
sures of the wife’s labor supply.” In all 
equations, the fertility supply variables add 
significantly to the likelihood function. The 
estimates indicate that among couples whose 
fecundity is one standard deviation above 
the population mean, the proportion of 


they also have distinctly fewer births before 1970 (Table 
3, col. 3), and thus appear to be headed for a smaller 
completed family size. It is widely observed that more- 
educated women marry later and experience a period of 
“catching up” with their cumulative fertility, (Rosenz- 
weig and Daniel Seiver, 1982); consistent with this, a 
majority of the more educated mothers appear to be 
employing their knowledge of the reproductive process 
(i.e., technology) to increase their birth rate rather than 
decrease it in the period observed from 1970 to 1975. 

23 Because of the limitations of the Tobit and Probit 
computer programs, we could not include all of the 
exogenous instruments in the labor supply equations. 
The variables reported in Table 6 thus are the complete 
set of “zegressors.” Least squares estimates of the labor 
supply equations, including and excluding the variables 
excluded from the Tobit and Probit models, suggest that 
the results are only trivially affected. Similar tests per- 
formed on the children ever born and contraceptive 
efficiency equations confirmed the robustness of the 
results to this change in specification. 


Koe 


. * THE AMERICAN ECONOMIC REVIEW 


DECEMBER 1985 


TABLE 6— EFFECTS OF EXOGENOUS FERTILITY SUPPLY AND ACTUAL FERTILITY ON 
SUBSEQUENT MEASURES OF FEMALE LABOR SUPPLY? 


1010 
Proportion of Interval 
Employed in 1973-1975 
ML Tobit 
Explanatory Variable. ~ (1) Q) 
u-Persistant Individual 5.55 - 
Fixed Effect (fecundity) (6.75) 
e-Random Effect 162 - 
(0.17) 
Children Ever Born, 1970 - — 00371 
: ; (0.31) 
Children Born 1970-72 - — 236 
3 (8.28) 
Education .0545 .0555 
ae (7.07) (7.03) 
Income 1970 (x107*) — 0678 — 0638 
(1.35) (1.27) 
Income 1975 (X107*) —.155 — 156 
; (6.68) (6.71) 
Wife’s Age - — 00232 ~ 00421 
(1.09) (1.92) 
Wife’s Age Squared (X107*) 0443 .0606 
ee (1.59) (2.14) 
Husband Protestant — 126 —~ 116 
3 (2.35) (2.19) 
Husband Catholic —.182 —.165 
f (3.15) (2.85) 
Husband Jewish — .0706 .0930 
l (0.58) (0.76) 
Husband Mormon —2.19 —.190 
(2.22) (1.94) 
Female Unemployment Rate -1.02 — 908 
(0.65) (0.59) 
Family Planning in 
Health Department 1871. 2616. 
(0.60) (0.84) 
Health Expenditures —3.96 — 3.34 
(0.31) (0.26) 
Intercept .320 .850 
(0.79), (2.04) 
Standard Error .563. .560 
, (49.2) (48.9) 
In likelihood 1475 1465 


Participation Participation 
in 1973 in 1975 
ML Probit ML Probit 
(3) (4) (5) (6) 
— 7.84 - ~12.4 - 
(4.48) (6.90) 
— 4.50- — ` 413 - 
(2.27) (2.04) 
- —.0411 - .0369 
(1.56) l Q41). 
- —.502 - — 388 
(8.14) (6.42) | - 
115 116 107 1133 > 
(6.81) (6.62) (6.34) (6.53) 
—.237 —.231 ~ 149 —.138 > 
(2.19) (2.11) (1.38) am) N 
—.238 — .243 ~ 259 — 261 
(4.79) (4.85) (5.25) (5.29) 
—.0117 — .0136 00330 —.00197 
(2.54) (2.83) (0.72) (0.42) 
169 181 0145 0338 
(2.80) (2.92) (0.24) (0.55) 
—.218 — .204 —.199 —.189 
(1.85) (1.71) (1.67) (1.59) 
—.258 —.213 — 298 — 300 
(2.03) (1.65) (2.33) (2.35) 
— 0937 — 169 0588 .0495 
(0.35) (0.63) (0.22) (0.18) 
— 593 —.510 —~ 433 —.425 
(2.71) (2.35) (2.06) (2.03) 
— 5.32 -5.30 ~1.47 -1.19 
(1.59) (1.58) (0.44) (0.35) 
~ 3641. —1776. 2706. 3719. 
(0.54) (0.26) (0.40) (0.55) 
13.6 18.3 1.16 .362 
(0.50) (0.67) (0.04) (0.13) 
1.58 2.33 —1.42 —.183 
(1.80) (2.55) (1.63) (0.20) ° 
1150, 1130 1139 1142 


*Absolute values of asymptotic t-ratios are shown in parentheses beneath slope coefficients. 


months between.1973 and 1975 in which the 
wife participated in the labor market was 
‘reduced by 16 percent. As was evident for 
fertility and .contraception, moreover, the 
effects of fecundity variation appear to in- 
crease over the life cycle—among the highly 
fecund couples, the probability that the wife 
participated in the labor market was 12 per- 
cent lower in 1973 and was 17 percent lower 
in 1975. 


In contrast to the persistent fecundity 
effects embodied in p, a transitory increase 
in the supply of births appears to have little 
or no lasting effect on the proportion of time 
spent by the wife in the labor market in the 
2.5-year interval following the unanticipated 
birth (col. 1). While the wife’s probability of 
participation falls in the year immediately 
following the interval during which the fertil- ~ 
ity supply shock occurs (col. 3), the likeli- 
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hood of her participating increases by almost 
as much two years later (col. 3). This 
compensatory pattern of life cyce labor 
supply response to exogenous, transitory 
changes in fertility is similar to that found by 
Rosenzweig and Wolpin in their study of the 
labor supply responses of women experienc- 
ing an (unanticipated) multiple birtF in their 
first pregnancy. 

Estimates of the associations betveen ac- 
tual cumulative and recent fertiity and 
‘female labor supply (cols. 2, 4, and 6, Table 
6) provide a different picture of tke causal 
relationship between the timing >f labor 
supply and exogenous changes in fertility. 
The number of children ever born prior to 
1970 has no significant association with the 
wife’s labor market time in the 1973-75 
period; higher cumulated births prio” to 1970 
are associated with a marginally Icwer par- 
ticipation probability in 1973, but aze associ- 
ated with a marginally higher partcipation 
probability in 1975. The number of children 
born between 1970 and 1972, however, is 
significantly and negatively associated with 
time worked by the wife in the 1973-75 
period and with labor force partcipation 
probabilities in both 1973 and 1975 

These labor supply-fertility resul s, based 
on actual fertility values, are often Dterpret- 
ed as reflecting the greater “time iatensity” 
of younger children (Willis). However, in 
contrast with » and e, which are _ndepen- 
dent of preferences by constructioa, actual 
fertility will be correlated with latent taste 
factors that also influence labor supply. It is 
thus not possible to rule out the hypothesis, 
for example, that women who postpcme births 
do so in order to participate in tne labor 
market while young. With respect te quanti- 
tative effects, the associations betwesn actual 
fertility in the 1970—72 period and the wife’s 
participation in 1973 and 1975 oversate both 
the immediate (1973) negative anc longer- 
term labor supply responses to an unantic- 
ipated birth. The wife’s probability of labor 
force participation is reduced at th2 sample 
means by 40 percent in 1973, and by 28 
percent in 1975, in response to an actual 
birth between 1970-72. The arrival of an 
unanticipated birth in the same 20-month 
period (less 9 months for the pregnancy) 
would require an increase in the monthly 
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conception rate of approximately 1/21; this 
increase in e sufficient to yield one unantic- 
ipated extra birth would reduce the wife’s 
likelihood of participation by only 18 per- 
cent in the following year (1973), and in- 
creases the participation probability by 14 
percent in 1975.74 

Given heterogeneity in preferences, it 
would be expected that the use of actual 
fertility might lead to negatively biased 
estimates of labor supply responses to exoge- 
nous variations in fertility supply. However, 
the estimates in Table 6 suggest that none of 
the other estimated coefficients in the labor 
supply equations are importantly affected by 
whether or not actual fertility variables are 
included as regressors in place of the fertility 
supply variables. This is in marked contrast 
to the estimates of the contraception equa- 
tions. 

One important labor supply determinant 
left out of the equations reported in Table 6, 
and likely to be correlated with fertility, is 
the wife’s wage. This was deliberate, since we 
regard the wage rate received by the wife as 
endogenously determined, a function of work 
experience and thus of prior labor supply 
decisions. Our estimates thus show the re- 
duced-form effects of exogenous variation in 
fertility supply on life cycle allocation deci- 
sions. We can, however, also examine the net 
effect of unanticipated fertility variation on 
the earnings of the wife. If children and the 
wife’s home time are complements, as our 
labor supply estimates suggest, and there are 
important payoffs to work experience, then 
we would expect that more fecund wives 
would have less labor force experience and 
thus would receive a lower wage rate at any 
age. Variation in the supply of births should 
also account for a significant proportion of 
the wage variation among married women. 

Jacob Mincer and Solomon Polachek 
estimated the effect of fertility on the earn- 
ings of married women using actual cum- 
ulative fertility as a regressor. While they 


24 This value is derived as follows: (1/21)(B,6(Z’B)) 
=.0972 for 1973, where $, = the estimated e coefficient 
in the probit equation and ¢ is the normal density 
evaluated at the sample means of the variables Z using 
the vector of estimated probit coefficients £. 
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TABLE 7—EFFECTS OF EXOGENOUS FERTILITY SUPPLY AND ACTUAL FERTILITY 
ON (LOG) WEEKLY EARNINGS OF MARRIED WoMEN, 1975 





Explanatory Variable: 
p-Persistent Individual 
Fixed Effect (fecundity) 

Children Ever Born, 1975 
Education 
Income 1970 (x 10~*) 
Income 1975 (107 *) 
Wife’s Age (X107?) 
Wife’s Age Squared (107°) 
Husband Protestant 
Husband Catholic 
Husband Jewish 

_ Husband Mormon 
Female Unemployment Rate 
Family Planning in Health Department 
Health Expenditures 
Intercept 


R? 
F 


Specification 
(69) (2) (3) 
- —5.28 - 
(3.20) 
- - — .0885 
(4.27) 
0632 0648 .0533 
(4.22) (4.36) (3.55) 
~ 128 — 134 —.133 
(2.57) (2.72) (2.70) 
— 1.56 —.155 —.151 
(1.50) (1.50) (1.47) 
~ 279 — 409 —.111 
(0.61) (0.90) (0.24) 
596 .753 461 
(1.09) (137) (0.85) 
— 0481 — .0522 — 0348 
(0.46) (0.50) (0.34) 
~ 114 — 122 — .0506 
(0.99) (1.06) (0.44) 
137 146 148 
(0.61) (0.65) (0.67) 
~ 383 — 350 — 284 
(1.93) (1.77) (1.44) 
5.76 5.69 5.62 
(1.87) (1.86) (1.84) 
3200 3808 2851 
(0.53) (0.63) (0.48) 
—10.8 —10.4 -5.59 
(0.44) (0.42) (0.23) 
3.71 3.95 3.58 
(3.95) (4.22) (3.84) 
.0518 .0618 .0695 
4.36 4.86 5.50 


aAll instruments in Table 1 included, but only selected socioeconomic variables are 
reported. Absolute values of t-ratios are shown in parentheses beneath slope coefficients. 


recognized the endogeneity of fertility, si- 
multaneous equations methods were eschew- 
ed (correctly) because, as they noted, “...the 
fertility function would be estimated by the 
same variables as the labor supply func- 
tion” (1974, p. S99). Our procedure, which 
takes account of the reproductive technol- 
ogy, permits the estimation of the effects of 
exogenous variation in the supply of births 
on the earnings of married women with- 
out the need to impose arbitrary identifi- 
cation restrictions on the household demand 
system. 

Table 7 reports estimates from three 
specifications of the determinants of the log 


of the weekly earnings for the subset of 972 
wives working in 1975. Since human capital 
theory indicates that an individual’s current 
wage is a function of his or her labor force 
experience, all determinants of the wife’s 
labor supply are included in each specifica- 
tion. Note that this means that correction for 
selectivity bias resulting from self-selection 
by women into the labor market must rely 
on differences in functional form between 
the sample inclusion (labor force participa- 
tion) and wage equations or on distributional 
assumptions. Use of the probit procedure to 
estimate the participation equation allows 
one test (Heckman, 1974) for selectivity bias. 
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On the basis of this, we could not reject the 
hypothesis of no selectivity when either u or 
actual fertility was included in the earnings 
equation (specifications (2) and (3)). The hy- 
pothesis was rejected for the speccfication 
excluding fertility; however, coefficient esti- 
mates were essentially identical whether or 
not selectivity was “corrected” and the un- 
corrected estimates are reported fcr com- 
parability across specifications in Tatte 7. 

The findings reported in Table 7 confirm 
that inclusion of the fecundity variable in- 
creases the explanatory power of the female 
earnings regression by 20 percent; persistent 
fertility supply variation alone accounts for 
about 1 percent of the total variacion in 
earnings among married women. The coeffi- 
cient on p implies that a one standarc devia- 
tion increase in fecundity is associatec with a 
10 percent loss in the wife’s weekly eernings, 
with the absolute amount of the earniags loss 
increasing over the life cycle (since earnings 
rise), Variations in fecundity combined with 
imperfect and costly fertility contre! thus 
exert substantial effects on the distr bution 
of market human capital accumulaed by 
American wives, presumably by varyirg their 
experience and training the the labor market. 

Actual cumulative fertility and the wife’s 
earnings are also significantly and negatively 
associated. However, the coefficient cn chil- 
dren ever born understates the decrease in 
female earnings due to variation in -ertility 
supply—a rise in fecundity sufficient zo yield 
an increase in one unanticipated or “excess” 
birth (from Table 3) for women aged 33 (the 
mean age of the sample women in 1975) 
would lower earnings by 17 percent com- 
pared to the 9 percent reduction associated 
with a one-child increase in children ever 
born. Conditioning earnings on actua. fertil- 
ity also biases downward the coefficent on 
the wife’s schooling in her earnings function 
by 18 percent. 

Both of the estimates of the effects of 
fertility on the earnings of married women in 
Table 7 exceed those found by Mincer and 
Polachek; however, their earnings specifica- 
tions included as regressors prior work expe- 
rience. When predicted work experienc vari- 
ables were used by them, in recognition of 
the endogeneity of labor supply, the coeffi- 


ROSENZWEIG AND SCHULTZ: FERTILITY 1013 


cient on children ever born became positive. 
The positive relationship between actual 
fertility, net of cumulative labor supply 
effects, and female earnings found by Mincer 
and Polachek suggests that an (exogenous) 
increase in female earnings may increase the 
demand for children; use of actual fertility, 
reflecting both the demand for and supply of 
births, thus underpredicts the earnings loss 
from purely supply-induced or “unwanted” 
variations in fertility. 


VI. Conclusion 


In our sample of white married women in 
the United States in 1970, 27 percent of the 
couples reported that they had one or more 
unwanted children by 1975, while 62 percent 
reported that they had experienced one or 
more births earlier than they had intended. 
Thus, in a society that is relatively sophisti- 
cated with respect to contraception, the num- 
ber and timing of births serves to constrain 
resource allocations for a significant propor- 
tion of households, and the stochastic nature 
of fertility is an important aspect of their 
decision making. In this paper, we have de- 
veloped a methodology for disentangling em- 
pirically in households the biologically de- 
termined supply of births from the demand 
for births in order to assess the consequences 
of exogenous variation in fertility supply 
on household fertility behavior and their 
household allocation decisions. Our esti- 
mates indicate that variation in fertility re- 
flects heterogeneity in both the preferences 
of households and inherent, couple-specific 
reproductive potential, with one-third of the 
explained variance in births due to hetero- 
geneity in supply. Neither studies that have 
viewed fertility solely as an expression of 
individual choice, constrained and condi- 
tioned by prices and income, nor studies that 
have treated family size and age-composition 
as purely exogenous determinants of behav- 
ior, thus provide appropriate estimates of the 
effects of fertility supply on household be- 
havior or even of the consequences of con- 
traception for the birth rate. 

Our findings suggest that couples alter their 
mix of contraceptive methods over their life 
cycle in response to their fertility supply 
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experience. As a consequence of this dy- 
namic behavior, estimates of the effectiveness 
of contraceptive methods that ignore hetero- 
geneity in fertility supply significantly under- 
state their effectiveness in reducing con- 
ceptions. Life cycle patterns of labor force 
participation by married women are also 
shown to be sensitive to variations in the 
exogenous supply of births, and married 
women who experience excess fertility due to 
the lack of costless or perfect control over 
fertility supply incur a substantial loss in 
earnings when they enter the labor force. 

Our attempt to isolate that component of 
fertility that is independent of preferences 
required estimation of the direct biological/ 
technical relationships between endogenous 
and exogenous factors influencing the pro- 
duction of births. Our results thus could be 
sensitive to the specification and estimation 
of the reproductive technology. The data and 
approach appear to confirm, however, the 
importance of fecundity variation in motivat- 
ing couples to pursue distinctive contracep- 
tive and labor supply strategies. They also 
suggest the potential importance of the costs 
of and access to contraceptive technology in 
accounting for patterns of resource alloca- 
tions among households, which should be of 
even greater importance in low-income coun- 
tries where contraceptive knowledge may be 
less pervasive. 
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Earnings, Schooling, Ability, and Cognitive Skills 


By M. BOISSIERE, J. B. KNIGHT, AND R. H. SABOT* 


Conventional estimates now available for 
a large number of countries generally indi- 
cate that the social returns to education are 
positive, large, and competitive with returns 
to investment in physical capital.’ That such 
estimates are good guides for public resource 
allocation has, however, been questioned. The 
heart of the problem lies in the interpretation 
of the positive relationship between the edu- 
cation and the earnings of workers: whether, 
as the conventional estimates assume, the 
coefficient of the education variable in the 
earnings function measures the effect on the 
productivity of workers of human capital 
acquired in school. It has been hypothesized 
“that education in part, or instead, represents 
screening for native ability and motivation, 
or credentialism, and that as a consequence 
conventional measures of the social benefit 
of education are substantially upward bi- 
ased.” 

In this paper we attempt to distinguish the 
influence on earnings of cognitive achieve- 
ment, native ability, and years of education 
as a means of adjudicating the human capital, 
screening, and credentialist hypotheses. Our 
econometric analysis is based on two rigor- 
ously comparable micro data sets from Kenya 


* Boissiere: Development Research Department, The 
World Bank, 1818 H Street, Washington, D.C. 20433; 
Knight: Institute of Economics and Statistics, Oxford 
University; Sabot: Williams College, Williamstown, MA 
01267. We are grateful to the Educational Testing Service 
of Princeton for the design of tests used in this study 
and to J. Armitage, J. Behrman, J. Hausman, D. Hendry, 
D. Jamison, and an anonymous referee for their insights 
and advice. Helpful comments were also received from 
participants in seminars at Oxford and Yale universities. 
The views presented here are our own; they should not 
be interpreted as reflecting those of the World Bank. 

1 George Psacharopoulos (1973; 1981) contains a list- 
ing of 44 countries in which rate of return studies had 
been conducted and of the estimates obtained. 

2For instance, Kenneth Arrow (1973), Mark Blaug 
(1976), Samuel Bowles and Herbert Gintis (1976), John 
Riley (1979), Michael Spence (1976), and Lester Thurow 
(1975). 
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and Tanzania, generated by surveys of the 
urban wage-labor force specifically for this 
study. These data sets contain the usual vari- 
ables found in earnings function estimates of 
the benefits of schooling—individual earn- 
ings, years of education, and years of em- 
ployment experience. In addition, they con- 
tain two variables—measures of the worker’s 
cognitive skills and of his or her reasoning 
ability—not previously found in studies of 
developing countries and only rarely found 
in studies of the education-earnings rela- 
tionship in developed countries.? With these 
variables we can estimate the direct effects 
on earnings of cognitive skills, ability, and 
years of schooling. By using them to estimate 
educational production functions and educa- 
tional attainment functions, and linking these 
functions with the earnings function in a 
recursive framework, we can also assess the 
various indirect effects on earnings of ability 
and years of schooling. Having data sets 
from two countries very similar with respect 
to size, resource endowments, structure of 
production and employment, and level of 
development means that not only can we 
subject our results to the usual statistical 
tests, but we can also assess their replica- 
bility. 

Both Kenya and Tanzania have nearly 
achieved the objective of universa] primary 
education while university enrollments re- 
main at less than 1 percent of the relevant 
age group. The important policy issues re- 


3For attempts to control for ability and/or for cogni- 
tive achievement in studies for the United States, see 
Jere Behrman et al. (1980), Gary Chamberlain and Zvi 
Griliches (1977), Griliches and William Mason (1972), 
Michael Olneck (1977), Paul Taubman and Terence 
Wales (1974), Taubman (1975), and David Wise (1975); 
see also the survey articles by Griliches (1977; 1979). In 
most instances the data refer to special subgroups in the 
population and clear distinction cannot be made be- 
tween natural ability and cognitive skills acquired in 
school. 
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garding mass education in East Afrca arise 
at the secondary level. We are therefre con- 
cerned to evaluate the benefits of sæondary 
education. The public educational s~stem in 
both countries is meritocratic and years of 
education may thus provide good signals of 
ability. The public sector is an influential 
employer of urban labor in -East Africa, 
accounting in 1980 for 39 and 61 percent of 
the total in Kenya and Tanzania. respec- 
tively. Moreover, institutional arrargements 
suggest that access to public sector employ- 
ment grades and entry pay are influenced by 
educational qualifications. Explanations of 
the earnings-education relationship in terms 
of screening or credentialism cannot there- 
fore be dismissed in the present conzext. 

Section II presents our recursive model of 
ability, years of education, cognitive achieve- 
ment, and earnings. Section III discasses our 
data. Estimates of the model are presented 
—earnings functions in Section IV and edu- 
cational production and attainment func- 
tions in Section V—and their implications 
for the human capital, screening anc. creden- 
tialist hypotheses are discussed. 


I. The Model 


In the conventional measuremert of the 
social rate of return to (say) seconcary edu- 
cation, the benefit stream is estimated by 
means of an earnings function, of which the 
following, for a sample of primary and sec- 
ondary school completers, is an example: 


(1) INnW=a+bS+cL+dL*+u 


where In W = log of (pre-tax) earnirgs of the 
individual, S=dummy variable signifying 
that the individual has precisely completed 
secondary education, individuals wi.h a com- 
plete primary education forming the base 
subcategory,* L= the number of years of 
employment experience of the individual, and 
u =a disturbance term. 


4Schooling is introduced as a dichotomous rather 
than a continuous variable for reasons of sucvey design, 
to be discussed below. 
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FIGURE 1 


The term S is interpreted as a proxy 
for the cognitive skills or other marketable 
traits acquired in secondary education. The 
cross-section earnings function is used to 
simulate two time-series, W, and W,, repre- 
senting the predicted earnings, over their 
expected working-lives, of primary and 
secondary school leavers, respectively. The 
difference between the educational groups 
in predicted lifetime earnings is then used 
as the estimate of the social benefits of sec- 
ondary education, from which the rate of 
return can be calculated. 

The criticism of the assumptions underly- 
ing this approach can be illustrated in terms 
of Figure 1, which presents a simple structur- 
al model of the relationships among earn- 
ings, years of education, natural ability, and 
human capital. For these four variables, the 
figure depicts those which are determinants 
of human capital (the vertical arrows), of 
earnings (the horizontal arrows), and of both. 
Of the six links depicted, equation (1) in- 
cludes only B, the relationship between years 
of education and earnings. The coefficient on 
S in (1) will be an unbiased estimate of the 
effect on earnings of skills acquired in school 
only under certain stringent conditions. 

The first condition is that years of edu- 
cation must—through the relation F—pro- 
vide an accurate measure of the human 
capital acquired in school. The market value 
of this human capital, determined by mar- 
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ginal product, must then determine earnings 
via A. However, years of education, being 
one input into the educational production 
function, may be a poor guide to the output 
from the function. Second, years of edu- 
cation must influence earnings only indi- 
rectly, through F+ A. If there is a direct 
relationship, through B, which is positive, 
the coefficient on years of education over- 
states the human capital effect. The loose 
amalgam of hypotheses concerning the pay- 
ment for educational qualifications irrespec- 
tive of their economic value, generally known 
as “credentialism,” stresses the direct effect 
of years of education on earnings. According 
to this view, schools provide students with a 
credential which is personally valuable but 
not productive. For instance, the government 
may determine wages and establish educa- 
tion-based hiring and payment criteria, or 
private employers may discriminate in favor 
of the educated with whom they share simi- 
lar socioeconomic backgrounds. 

The third condition is that, if ability is 
correlated with years of education (E), it 
must have no direct (C) or indirect (via 
E + B) effect on earnings: positive relation- 
ships imply that the coefficient on $ in (1) 
overstates the effect on earnings of skills 
acquired in school, that is, the effect of abil- 
ity is wrongly attributed to years of educa- 
tion. Employers may reward ability on an 
individual basis or, according to the theory 
of educational screening for ability, they may 
use years of education as a means of identi- 
fying workers who are potentially more pro- 
ductive, drawing on two stochastic relation- 
ships, Æ and C. Educational attainment 
“signals” workers with greater average abil- 
ity, and it is this ability, rather than what is 
actually learned in school, that is rewarded. 
There is, however, a way in which ability can 
strengthen the human capital relationship 
between earnings and education. If educa- 
tional selection criteria are meritocratic in 
the sense that they promote the more able 
(relation E), then years of education are 
more efficiently transformed into cognitive 
skills (on account of D): E+ F+A and 
D + A influence but do not bias the estimate 
of the effect on earnings of skills acquired in 
school. 
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To capture the complex relationships de- 
picted in Figure 1 we take cognitive skills to 
be a measure of human capital and rea- 
soning ability to be a measure of prede- 
termined natural ability, and posit a recur- 
sive model represented in the following three 
equations: 


(2) S=ajt+a,Rt+a,E+a,,F,+0v 

(3) H=b) +b, R+b,S+b,G+b,B+ y 

(4) nW=cy+e¢,St+e,R 
+c;H+ce,L+c,L? +z 


where R = reasoning ability, E = an indica- 
tor of the aggregate probability of attending 
secondary school when the individual was 
aged 14, F,= indicators of parental educa- 
tional background, H= cognitive achieve- 
ment, G=an indicator of attendance at a 
government (as opposed to private) school, 
B=an indicator of urban (as opposed to 
rural) birth, and v, y, z = disturbance terms.’ 

Equation (2) reflects the influence of natu- 
ral ability on educational attainment within 
a subsidized and competitive educational 
system (relation E in Figure 1). Equation (3) 
is an educational production function, incor- 
porating relations D and F; it is similar in 
form to those used in most such studies.® 
The earnings function specified in equation 
(4) includes relations A, B, and C. As op- 
posed to the “conventional human capital 
model” in (1), we refer to (4) as the “ex- 
panded human capital model.” 


Il. The Data 


The data for this investigation come from 
rigorously comparable surveys administered 
by a team (including the authors) in the two 
countries within a few months of each other 
in 1980. The full samples were randomly 


5Full definitions of variables are provided and the 
system is tested for recursiveness in the subsequent 
sections. 

®See the reviews of Eric Hanushek (1979) and L. Lau 
(1979). 
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selected on an establishment basis, asing a 
two-stage procedure, from among the wage- 
labor force of Nairobi and of Dar es Salaam. 
Establishments from all sectors of the urban 
economy—public and private, manufactur- 
ing and nonmanufacturing—are represent- 
ed.’ The main questionnaire was adminis- 
tered to the full sample, and provides the 
information on earnings,® educaticn, em- 
ployment experience, and other personal 
characteristics. Not all the responderts were 
given the three tests that yielded oar mea- 
sures of reasoning ability, literacy, and 
numeracy: testing was confined to a zandom 
subsample of primary- and seconda-y-com- 
pleters.? Whereas the full samples each con- 
tained some 2,000 employees, the subsamples 
numbered 205 in Kenya and 179 in Tanzania. 
The analysis using the test results is neces- 
sarily confined to the subsamples. Th2 survey 
design thus requires that schooling be en- 
tered as a dichotomous rather thar a con- 
tinuous variable. 

Reasoning ability was tested by means of 
“Raven’s Progressive Matrices” (see J. C. 
Raven, 1956). This test involves the matching 
of pictorial patterns, for which literacy and 


7Neither very small establishments ( < 5 employees) 
nor establishments in urban and rural areas citside the 
capital cities were included in our samples. S:nce selec- 
tivity by unmeasured personal characteristis in the 
surveyed capital city establishments is likly to be 
stronger at the primary than at the seconcary level, 
however, any consequent sample selection bias is likely 
to understate the benefits of cognitive skill aquisition, 
so strengthening the argument of this paper. 

8 Sometimes referred to below as wages. As data are 
generally available only on earnings per month and not 
on hours worked, it is not possible to estimat separate 
wage and hours functions, nor to establisa whether 
higher cognitive skill causes people to work nore pro- 
ductively as opposed to longer hours. However, the 
influence of longer hours is unlikely to have been im- 
portant: only 20 percent of the sample hej worked 
overtime in Kenya, and 31 percent in Tarzania; the 
percentages for nonmanual employees being 10 and 23 
percent, respectively. Whether overtime was worked ap- 
peared to depend mainly on the nature of the job and 
the characteristics of the employer. 

°It took half an hour per respondent to ccmplete the 
questionnaire and an hour per respondent to administer 
the tests. Given its small size, the subsample was strati- 
fied by education to ensure sufficient obse-vations in 
strata of particular interest. 
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numeracy provide no advantage; it has been 
widely used in developing countries.’° The 
tests of reading achievement and mathe- 


` matics were designed by the Educational 


Testing Service of Princeton specifically for 
use in these surveys. The designs were based 
on questions in national primary-leaving and 
Form IV examinations and on other guides 
to the content of the academic curriculum, 
which is much the same in Kenya as in 
Tanzania. The major difference is that use of 
Swahili is stressed more in Tanzania; ques- 
tions were therefore set in both English and 
Swahili for respondents to choose the lan- 
guage they preferred, The sum of the scores 
on the literacy and numeracy tests is used as 
the measure of cognitive skill. The fre- 
quency distributions of test scores for each 
sample as a whole and for primary- and 
secondary-leavers reveal considerable vari- 
ance on each test, a desirable characteristic 
for dependent and independent variable 
alike. All three tests appear to have been 
appropriate for the target groups: there are 
very few perfect scores and no zero scores, 
suggesting that the results do not suffer from 
the common problem of truncation of the 
ability or achievement distribution that arises 
when questions are too easy or too difficult. 
Although these measures represent a dis- 
tinct advance, their limitations should be 
recognized in the interpretation of the results 
to come. Because secondary schools select 
entrants partly on the basis of performance 
in primary-leaving examinations, the dif- 
ference between primary- and secondary- 
leavers in mean achievement scores may 
exaggerate the value added by secondary 
education. However, our test of whether 
selection by cognitive achievement for sec- 
ondary school qualifies our assumption of 
recursiveness proved negative. Noncognitive 
traits, such as attitudes and interests, may 
also be acquired in school and may be val- 
ued in the labor market. Natural ability may 


10See, for example, E. L. Klingelhofer (1967), M. 
Wober (1969), and U. Sinha (1968). 

The ability score is marked out of 36, the achieve- 
ment score out of 63 (34 for numeracy and 29 for 
literacy). 
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involve not only reasoning power, but also 
such unmeasured but marketable qualities as 
drive, determination, and dynamism. If the 
test scores are too narrow as measures of 
natural ability and human capital formation, 
the R and H coefficients are likely to under- 
state their importance. Insofar as the omitted 
variables are positively correlated with edu- 
cational attainment, the coefficient on S is 
likely to overstate the importance of creden- 
tialism. Finally, the ability that we measure 
may not be due entirely to heredity and 
home environment: education may have en- 
hanced reasoning power.!* However, the fact 
that the weighted subsample mean values of 
R are not significantly different (27.8 in 
Kenya and 26.4 in Tanzania), whereas those 
of H are significantly different (40.0 and 
30.3, respectively), on account of the greater 
quantity and quality of secondary education 
in Kenya, suggests that R is not acquired 
in school. 


It. The Expanded Human Capital 
Earnings Function 


Estimates of the conventional human 
capital earnings function (equation (1)) for 
Kenya and Tanzania are shown in column 1 
of Table 1.14 In Kenya workers are paid a 
premium of 4.2 percent per year of employ- 
ment experience, and secondary-leavers are 
paid 61 percent more than primary-leavers. 
In Tanzania the returns to experience are 
higher (5.5 percent), but because of Tan- 
zania’s vigorously imposed pay policy the 
gain from secondary education, though sub- 
stantial, is lower (32 percent).!° 


121n that case, the coefficient on ability is liable to be 
upward biased and that on achievement downward 
biased. 

13See Knight and Sabot (1984). 

14The equations were also estimated with a squared 
experience term, but whereas the coefficient was nega- 
tive as expected, it was not significantly different from 
zero, 

The Tanzania government has compressed the 
structure of wages in the dominant, public sector. In the 
relatively unfettered private sector, the premium on 
secondary education is higher than in the public sector 
and, indeed, higher than in Kenya. We recognize that 
the competitive market value of secondary education in 
Tanzania is greater than our estimates suggest. See 
Knight and Sabot (1983). 
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A. Do Cognitive Skills and Ability Matter? 


Column 2, Table 1, permits a comparison 
of estimates of the conventional and ex- 
panded human capital earnings functions in 
Kenya and Tanzania. In neither country are 
the estimated returns to experience affected 
by the introduction of variables measuring 
(cognitive) achievement and (reasoning) abil- 
ity. By contrast, the premium on secondary 
education declines by nearly two-thirds in 
both countries, and in Tanzania it is no 
longer significantly different from zero. In 
neither country is the independent influence 
of ability on earnings either large or signifi- 
cant. By contrast, in both countries the 
coefficient on the achievement score is posi- 
tive, significant, and large relative to the 
coefficient on the ability score.!® 


B. Do Cognitive Skills Matter for Manual 
as Well as for Nonmanual Workers? 


The results of the stratified regressions 
(cols. 5 and 6) show that in both countries 
the payment for cognitive skills is not con- 
fined to white-collar workers: manual work- 
ers are also rewarded for literacy and 
numeracy. Although the coefficient on H is 
higher for nonmanual (0.017) than for man- 
ual workers (0.013) in Kenya and also in 
Tanzania (0.012 and 0.008, respectively), F- 
tests indicate that in neither country is the 
difference in the coefficient on H significant 
as between occupations. It seems that accom- 
plishment in the basic skills of reading and 
numbering enables mechanics, machinists, 
and fork-lift drivers as well as accountants, 
clerks, and secretaries to do a better job.’ 
By contrast, in no case is the coefficient on R 
significant.1® 


16This result holds when either the literacy or 
numeracy score replaces the combined score. 

In only one of the four cases (manual workers in 
Tanzania) is the coefficient on achievement not signifi- 
cant at the 5 percent level. 

18When the samples are stratified instead by educa- 
tional levels, F-tests indicate precisely equivalent results 
for the achievement variable. The effect of ability on 
earnings remains small by comparison with the effect on 
achievement, and not significantly different from zero in 
three of the four cases. 
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TABLE 1— HUMAN CAPITAL EARNINGS FUNCTIONS WITH AND WITHOUT MEASURES OF ABILITY 
AND COGNITIVE ACHIEVEMENT? 


Whole Whee 
Subsample Subsanple 
(1) (23 
Kenya 

L .042 CAS 
(8.40) (9.84) 
Ss 476 12 
(6.70) (2.49) 
H - .20 
(6.B) 
R -~ -D6 
a2 
Constant 6.297 5.59 

R? 29 4 

N 205 205 
Tanzania 

L 054 55 
(9.70) (10.20) 
Ss .280 12 
(4.30) (1.42) 
H - 13 
(3.22) 
R - 01 
(05) 
Constant 5.752 

R? 38 3 

N 179 179 


1021 
Primary Secondary Manual White-Collar 
Leavers Leavers Workers Workers 
@) @) (5) © 
031 062 .036 049 
(4.49) (10.20) (6.02) (8.64) 
- - 065 .030 
(0.650) (0.23) 
019 .023 013 017 
(3.98) (5.40) (3.21) (3.55) 
— .000 014 003 011 
(0.02) (2.17) (0.50) (1.46) 
5.811 5.171 5.866 5.705 
39 .50 32 .49 
7 134 116 88 
.049 .066 044 .061 
(7.13) (7.06) (4.88) (7.82) 
- - 141 .068 
(0.85) (0.58) 
009 013 .008 012 
(1.66) (2.29) (1.16) (2.25) 
—.001 .010 — .004 013 
(0.21) (1.01) (0.64) (1.51) 
5.908 5.476 5.027 5.423 
34 7 24 46 
107 72 87 88 


*The dependent variable is In W. The t-statistics are shown in parentheses. 


C. Could Cognitive Skills Represent 
Anything But Human Capital” ° 


Administered wage scales might explain 
why employers would pay a prenium to 
workers with more years of educatioa even if 
they were not more productive. Screening for 
ability might similarly explain suck a pre- 
mium even if the cognitive skills accuired in 
school had no economic value. Neither of 
these accounts, however, could alsc explain 
why cognitive skills are rewarded within an 
educational stratum. 

Whereas employers could ascer-ain the 
length of education of job applicaats, they 
did not have our test scores to provide them 
with independent measures of numeracy and 
literacy. Grades of pass in the national sec- 
ondary-leaving examination do provide em- 
ployers with a ready indication of -ognitive 
achievement and ability. There is evidence 
for Kenya, where competition for jots among 
secondary-leavers is intense, that sxamina- 


tion scores are used as a selection criterion. 
We therefore expect, and find, a significantly 
positive relation between grade of pass and 
starting wage.) Similarly, our achievement 
test score bears a positive and significant 
relationship to the starting wage in Kenya. 
If, however, these results reflected the favor- 
ing of good examinees for reasons of “fair- 
ness” or for screening purposes, rather than 
simply for their cognitive skills, we would 
expect the relation to decline as employment 
experience lengthens. On the contrary, in 
Kenya, achievement as measured by scores 
on our test is a markedly better predictor of 
current than of starting wages.”? 


19Tn < Kenya earnings function for secondary-leavers 
in which the worker's (constant price) starting wage is 
the dependent variable. 

2°The substitution of In starting for In current wage 
as the dependent variable in column 2 of Table 1 results 
in a reduction in the coefficient on H from .020 to .011, 
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In Tanzania, where secondary-leavers are 
in scarcer supply, there is no significant rela- 
tion between starting wage and grade of 
secondary school pass or achievement score.?! 
Yet the current returns to cognitive achieve- 
ment for secondary-levers are positive and 
significant in both countries. Whereas in 
neither country do employers have ready 
equivalent measures of the cognitive skills of 
primary-leavers, in both countries the returns 
to cognitive achievement are of the same 
order of magnitude to primary- and to sec- 
ondary-leavers. It would seem that em- 
ployers discover the cognitive skills of their 
workers on the job, and that they are willing 
to pay for these skills. 


D. Why Do Secondary-Leavers Earn 
More than Primary-Leavers? 


The coefficients on the independent vari- 
ables can only be suggestive of their relative 
importance. This, and subsequent exercises, 
provide measures of the relative effects of the 
independent variables in the earnings func- 
tion on the structure and dispersion of earn- 
ings. The gross difference in (geometric) mean 
wages (G) between primary- and secondary- 
leavers (24 percent in Kenya and 30 percent 
in Tanzania) is decomposed.”” The earnings 
of primary-leavers (denoted by the subscript 
p) are determined by the earnings function 
for primary-leavers, and by their characteris- 
tics, represented by the vector Z,:W,= 
F,(Z),; similarly, W, = F,(Z,) where s de- 
notes secondary-leavers. A bar indicates the 
mean value of a variable: 


(5) G=W,-W,=F,(Z,)-5(Z,) 


= F(Z,- Z,)+(F(Z,)-¥,(Z,)). 


i.e., the percentage response of current wage to a unit 
increase in H is nearly twice as great as that of starting 


wage. 
1 Using the same specification for Tanzania as for 
Kenya. 

22 By means of a technique taken from the literature 
on labor market discrimination; Alan Blinder (1973) 
and Ronald Oaxaca (1973) are pioneering examples. We 
decompose the differences in geometric mean wages, i.e., 
in antilog mean In W, because the earnings function has 
In W as dependent variable. 
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The former is the component “explained” by 
the differences in the mean characteristics of 
the two groups, and the latter is the “unex- 
plained” component which results from dif- 
ferences in the constant term and coefficients 
of the earnings functions.” 

We simulate the effect on the predicted 
wage of a representative primary-leaver (with 
the mean characteristics of his group) of 
imposing, each in turn, the characteristics of 
a representative secondary-leaver. In the case 
of achievement, for instance, the effect is to 
raise W, in the proportion c,,(H,— H,). 
The effect of the difference in length of ed- 
ucation is obtained from the unexplained 
residual in (5), which reflects group dif- 
ferences in earnings functions. The relative 
contributions to this premium that are made 
by group differences in cognitive skills, abil- 
ity, years of education, and employment ex- 
perience are shown in Table 2. 

Secondary-leavers do not earn more be- 
cause of differential experience on the job: 
they have less experience than primary- 
leavers, markedly so in Kenya and margin- 
ally so in Tanzania.” Nor does the small 
difference in ability as between the two edu- 
cational groups explain why secondary- 
leavers earn more. The direct returns to abil- 
ity are so low that giving primary-leavers the 
ability levels of secondary-leavers would in- 
crease their earnings by some 0-7 percent in 
Kenya and by 0-4 percent in Tanzania.” 
Giving primary-leavers four more years of 
education would, ceteris paribus, substan- 
tially increase their earnings, by. 15-24 per- 
cent in Kenya and 8-18 percent in Tanzania. 
This could be a reflection of credentialism or 
of screening, but it could alternatively be the 
result of unmeasured noncognitive skills 
acquired in secondary education. The largest 


23Alternatively, the decomposition can be based on 
F,(Z,) instead of F(Z). 

‘Reflecting not only their later entry to the labor 
force but also the expansion of secondary education, 
and the more rapid expansion in Kenya than Tanzania. 

2353In each case, the lower end of the range is the 
estimate yielded by the earnings function for primary- 
leavers, whose returns are generally lower, and the upper 
end is that yielded by the earnings function for sec- 
ondary-leavers. 
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TABLE 2— THE EFFECT OF INTRODUCING THE CHARACTERISTICS OF A REPRESENTATIVE SECONDARY-LEAVER 
ON THE PREDICTED "VAGE OF A REPRESENTATIVE PRIMARY-LEAVER 


Change in Predicted Wage Using: 


Mean Value Primary-Leaver Coefficients Secondary-Leaver Coefficients 
Secondary- Primary- = > 
Leavers Leavers AW, AW, 
Z, Z, AlnW, Shillings Percent AlnW, Shillings Percent 
Kenya 
w 1141.0 918.0 
ln W 7.040 6.822 
H 46.3 32.3 .266 280 30.5 322 349 38.0 
R 30.3 25.7 -000 0 0.0 064 61 6.6 
L 6.4 12.6 —.192 —194.6 —212 — 384 — 429 — 46.8 
S - - .143 141.3 15.4 .215 220 24.0 
Tanzania 
Ww 843.0 649.0 
Inw 6.737 6.475 
H 37.5 24.7 115 79 12.2 166 117 18.1 
R 29.0 25.0 — .004 -3 —0.4 .040 27 4.1 
L 7.2 7.5 —.015 —10 -1.5 —.020 -13 —2.0 
S - - .165 116 17.9 .075 51 7.8 


Notes: The change in the predicted geometric mean wage of primary- or secondary-leavers as the result of the addition 
or subtraction of four years of secondary education is derived as a residual (the remaining difference in geometric 
mean wages of the two groups) after eliminating the differences due to differences in the mean characteristics. 

The percentage change in the geometric n2an wage is calculated from the change in In W in a way analogous to the 
dummy variable in semilogarithmic earnings functions explained by Halvorsen and Palmquist. 

The differences between primary- and se-ondary-leavers in the mzan values of H and R are significant at the 1 


percent level in both countries. = 2. 
AlnW, = F,(Z, ~ Z,) and AlnW, = F(Z, — Z,). 


increase in wages would result frem giving 
primary-leavers the higher achieverent levels 
of secondary-leavers: 31-38 percentin Kenya 
and 12-18 percent in Tanzania. 


E. Do High-Achieving Primary-Leavers 
Earn More than Low-Achieviug 
Secondary-Leavers? 


Columns 1 (Kenya) and 5 (Tarzania) of 
Table 3 show substantial variation. in cogni- 
tive development within educatioral strata. 
The average achievement test sccre of the 
top third of primary-leavers is douEle that of 
the bottom third in both countries. Among 
secondary-leavers, the average sccre of the 
top third is half as much again as tae bottom 
third in Kenya, and double that cf the bot- 
tom third in Tanzania. In both countries, the 
literacy and numeracy of the tog third of 


primary-leavers is roughly equal to that of 
the middle third of secondary-leavers.”® 

To estimate the impact on earnings within 
each educational group of the within-group 
variance of cognitive achievement, the esti- 
mated stratified earnings functions are used 
to predict earnings for different levels of 
cognitive achievement. In the case of pri- 
mary-leavers: 


(6) (in Wor), = Cop + CapRp + capl + C3, Hpi 


(7) (In Wer) , = cop + ¢3,H, + Cap L + CapR pj 


where H,; and R,, represent the achieve- 


26Tt seems that cognitive skills are not the only basis 
for access to secondary education. 
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TABLE 3— PREDICTED WAGES OF PRIMARY- AND SECONDARY-LEAVERS WITH VARYING LEVELS 
OF COGNITIVE ACHIEVEMENT AND REASONING ABILITY 


Keaya Tanzania 
By Achievement By Ability By Achievement By Ability 
H, Y, R; Y, H F R, Y; 
Q) (2) 6) (4) (6) (6) (o) (8) 
Primary-Leavers 
Bottom 10% 13.1 532 10.9 807 11.9 571 G1 657 
Bottom 1/3 214 623 16.0 806 16.8 598 16.7 651 
Middle 1/3 31.2 751, 26.0 804 24.6 643 26.1 643 
Top 1/3 45.0 978 32.2 803 32.0 689 31.1 639 
Top 10% 51.6 1,109 34.0 803 40.7 747 33.4 637 
Secondary-Leavers 
Bottom 10% 28.1 864 17.4 1,083 20.1 681 13.4 732 
Bottom 1/3 36.1 1,036 24.2 1,196 25.6 725 21.4 792 
Middle 1/3 47.2 1,333 31.5 1,323 37.3 847 29.9 862 
Top 1/3 54.0 1,556 34.9 1,387 48.5 983 33.8 896 
Top 10% 55.9 1,624 35.3 1,395 52.6 1,039 .35.5 911 


ment and ability scores of each primary- 
leaver i and a circumflex indicates a pre- 
dicted value. 

Columns 2 and 6 show the predicted mean 
wages of primary- and secondary-leavers of 
varying levels of achievement but of the same 
levels of ability and experience. Secondary- 
leavers who scored in the top third on the 
achievement test are predicted to earn some 
50 percent more than those in the bottom 
third in Kenya, and some 35 percent more in 
Tanzania; roughly the same percentages 
apply to primary-leavers. In both countries, 
it would seem, how much you learn in 
primary or in secondary school has a sub- 
stantial influence on your performance at 
work. Moreover, the predicted wage of 
primary-leavers who scored in the top third 
is nearly as high as that of secondary-leavers 
who scored in the bottom third. In East 
Africa, mere attendance at secondary school 
is no guarantee of success in the labor market: 
it is necessary to learn one’s school lessons. 


F. Do More Able Primary-Leavers Earn 
More than Less Able Secondary Leavers? 


There is substantial variation in reasoning 
ability within the two educational strata (cols. 
3 and 7, Table 3). As with achievement, the 


ability of the top third of primary-leavers is 
roughly equal to that of the middle third of 
secondary-leavers. In contrast to variation in 
achievement, however, variation in ability has 
no effect on the predicted earnings of 
primary-leavers and little on those of sec- 
ondary-leavers. Moreover, whereas the abil- 
ity scores of the ablest 10 percent of 
primary-leavers are roughly double those of 
the least able 10 percent of secondary-leavers, 
their predicted wages are lower (cols. 4 and 
8). In neither country is being among the 
most able of your peers a sufficient condition 
for successful performance in the labo 
market. f 


G. How Much Inequality is Due to 
Cognitive Skills? 


The effects of ability, cognitive develop- 
ment, or years of education on the dispersion 
of earnings may differ in relative importance 
from their effects on the structuré of earn- 
ings. The latter depends only on the size of 
the coefficients in the earnings function. The 
former depends also on the proportion of 
employees with a particular characteristic (in 
the case of the dummy variable), or the 
extent to which employees differ in posses- 
sion of that characteristic (in the case of 
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TABLE 4— THE RELATIVE CONTRIEUTIONS OF WORKER CHARACTERISTICS TO THE DISPERSION 
OF EARNINGS; THE MEAN CFARACTERISTICS OF WORKERS BY EARNINGS QUINTILE 

















Kenyz Tanzania 
Contribution Percentage Percentage of Percentage Percentage of 
to Variance: Absolute of Total Restricted Total Absolute of Total Restricted Total 
L 031 32.0 - .095 72.0 - 
S O11 11.3 16.7 011 8.3 29.8 
H .049 50.5 74.2 .025 18.9 67.6 
R .006 6.2 9.1 .001 8 2.7 
Total -097 100.0 100.0 .132 100.0 100.0 
Earnings 
Quintile Lowest Second Third Tourth Highest Lowest Second Third Fourth Highest 
L 6.45 8.64 6.62 7.73 13.28 3.16 5.73 7.68 8.69 12.07 
5 43 45 -78 .70 14 -23 38 38 32 61 
H 31.69 38.00 4460 43.82 46.61 26.00 28.98 29.43 27.56 36.16 
R 25.32 27.57 29.71 29.80 29.21 25.41 25.14 27.60 26.10 27.54 


continuous variables); and where in ihe dis- 
tribution of pay those who possess tke char- 
acteristic or possess it in varying degrees are 
found. 

To measure relative contributions to dis- 
persion, we adopt the following prccedure: 
using equation (4), written here as la W, = a 
+2 ,b,,Z;;, where Z; is the set of indepen- 
dent variables (j=1...n), we predict the 
earnings of each employee (Ñ). Eazh inde- 
pendent variable (j) is in turn set equal to 
its mean value, and predicted earnings CA ;) 
are estimated using the set of other char- 
acteristics possessed by each employze. Here 
Wij represents the predicted value oc W for 
each individual (i) when his endowrrent of j 
equals that of all other individuals. The vari- 
ances of W, and W,, are calculated, and the 
contribution of Z, to the explained variance 
of earnings is estimated as var(W,)— var(W,; ;). 
The relative contribution of each individual 
variable is calculated by expressing its con- 
tribution as a percentage of L var(W,)— 
var(W,; ,)).27 In effect we are attempting to 
answer the following counterfactual ques- 
tion: what would be the effect on the in- 
equality of pay if, while mean zarnings 
were held constant, the dispersion Jue to a 


?7For further explication of this method of decom- 
posing inequality and a comparison with other methods, 
see Behrman, Knight, and Sabot (1983). 


particular characteristic such as cognitive 
achievement was eliminated? 

The relative contribution to inequality of 
each independent variable in the expanded 
human capital earnings function for the 
unstratified sample is shown in Table 4. The 
contribution of employment experience to 
the variance of earnings is markedly greater 
in Tanzania than in Kenya.”* The contribu- 
tion of the ability variable to the variance of 
earnings is small in both countries, partly 
because of its negligible coefficient and partly 
because high and low earners have similar 
ability scores. The contribution of years of 
education is larger, reflecting the size of its 
coefficient and the tendency for the propor- 
tion with secondary education to rise with 
earnings quintile. In Kenya achievement 
accounts for three-quarters of the variance in 
earnings explained jointly by ability, educa- 
tion, and achievement; in Tanzania the share 
is two-thirds. Not only are cognitive skills 
highly rewarded, but there are few highly 
literate and numerate workers, be they 


?8In Tanzania mean experience rises monotonically, 
from 3.1 years in the lowest to 12.1 years in the highest 
earnings quintile. This is not the case in Kenya; i.e., 
high levels of experience are associated with low as well 
as with high incomes, possibly because of the inverse 
correlation between education and experience: the more 
educated, who are more plentiful in Kenya, have re- 
ceived preference over the more experienced but less 
educated in access to jobs. 
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primary- or secondary-leavers, in the low- 
earnings quintiles. 


IV. The Educational Production and Attainment 
Functions and Indirect Effects on Earnings 


Having shown that length of education has 
a relatively small and ability a negligible 
direct influence on earnings, we now examine 
a possible indirect influence through their 
effects on cognitive achievement. The simple 
correlations between S and H and between 
R and H are strong and positive. The mean 
achievement scores are significantly higher 
for secondary- than for primary-leavers (43 
percent higher in Kenya and 52 percent in 
Tanzania), and there is a monotonic relation- 
ship between ability groups and their mean 
levels of achievement. 

An educational production function, based 
on equation (3), is presented in Table 5 using 
a linear specification.” In both countries, 
cognitive achievement bears a highly signifi- 
cant positive relationship to educational level 
and to ability. In Kenya, secondary educa- 
tion raises H by 11.75 points, or by 35 
percent at the mean; very similar results are 
obtained for Tanzania. The elasticity of re- 
sponse of cognitive skill to reasoning ability 
at the mean is roughly 0.4 in both countries. 
In Kenya the coefficient on G (a dummy 
variable taking a value of 1 if the secondary 
school attended by a secondary-leaver, and 
the primary school attended by a primary- 
leaver, was a government school, and 0 
otherwise) is significantly positive. In both 
countries the coefficient on B (a dummy 
variable indicating birth in an urban area, 
birth in a rural area being the omitted cate- 
gory) is almost significantly negative.*° 


29A log-linear specification (with the continuous vari- 
ables H and R in natural logarithms) was also esti- 
mated but was inferior in terms of the percentage stan- 
dard error of H (29 percent in Kenya and 31 percent in 
Tanzania) and the significance of some coefficients. The 
ensuing simulation analysis is based on the linear 
specification but the results are not sensitive to the 
choice of specification. 

3°This counterintuitive result may reflect greater 
selectivity in access to schooling and to the urban labor 
market among the rural born. ; 
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TABLE 5— EDUCATIONAL PRODUCTION FUNCTIONS 


Variable Kenya Tanzania 
S 11.754 10.939 
(8.50) (8.84) 
G 3.366 0.995 
(2.49) (0.76) 
B — 3.567 — 2.651 
(1.78) (1.82) 
R 0.560 0.487 
(5.55) (5.58) 
Constant 15.49 12.34 
H 39.98 30.33 
R? 0.42 0.44 
Standard Error 8.77 7.16 
Percentage 
Standard Error 21.1 26.2 


Notes: The dependent variable is H; t-statistics are 
shown below the coefficients in parentheses; the mean 
values of variables, here and elsewhere, are derived from 
the subsamples weighted according to the proportions in 
which primary- and secondary-completers are found in 
the full samples. 


An éducational attainment function, based 
on equation (2), was estimated by means of 
probit analysis. The results are very similar 
in the two countries, being 


p=$(-1.816 + 049R+ O70E 


(4.051) (3.075) (3.918) 
+ 184F,+ .530F,) x? = 46.54 
(752) (1.975) 
p=$(-1.760 + 067R- 248E 
(3.357) (3.889) (2.484) 
+ 133F,+ .929F,) x? = 30.92 


(515) (3.426) 


in Kenya and Tanzania, respectively, where 
Ê is the probability of going on to secondary 
school, ‘E is the number of secondary school 
places as a proportion of the number of 
14-year olds when the respondent was aged 
14, F, indicates that one parent and F, that 
both had received education, .6(-) denotes 
the cumulative unit normal distribution, and 
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the figures in parentheses are t-statistics. The 
probability of going on to secondazy school 
was positively and significantly related to the 
ability score, it was raised significantly if 
both parents had been educated, ard it was 
significantly affected by the secondary enroll- 
ment ratio—positively, as expected, n Kenya 
but negatively in Tanzania. The reason for 
this negative sign is that althougk E rose 
over time, the proportion of primazy school 
completers continuing to secondary school 
actually fell. With all independent variables 
at their mean values, an increase in fhe ability 
score from the mean of the bsttom to 
that of the top-ability tercile would raise the 
probability of secondary school atendance 
by .25 in Kenya and by .35 in Tanzania. 
Ability therefore has two indirect :ffects on 
earnings: not only via relation D but also via 
relation E in Figure 1. 

Before combining the three functions for 
simulation analysis, we test whether the 
estimated model is recursive; that i., whether 
the estimates are consistent and nət subject 
to simultaneous equation bias. If some un- 
measured characteristics, such as drive and 
determination, contributed to educational at- 
tainment, to cognitive achievemert, and to 
earnings, the error terms (v, y, and z, respec- 
tively) in equations (2), (3), and (4° would be 
correlated, as would educational ettainment 
and y, educational attainment and z, and 
cognitive skill and z. Applying a. specifica- 
tion test developed by Jerry Hausman (1978), 
we added the predicted value of education- 
al attainment (S) for each indivicual as an 
independent variable in (3) and in (4), and 
the predicted value of cognitive skill (H) as 
an independent variable in (4).3! Our find- 
ings that the coefficients are not siznificantly 
different from zero in five of the six cases 
and just significantly so in the sixth makes 
it difficult to reject the null hypochesis that 
the equation system is recursive. 


315 and H are generated using (2) ans (3), respec- 
tively, plus the other exogenous variables ïn the three- 
equation system. 

32 The coefficients are — 1.518 (t-value =.373), — .058 
(210), and ~.011 (.748) in Kenya, and —.243 (1.430), 
433 (2.036), and — .011 (.647) in Tanzania The possibil- 
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A further test of recursiveness between 
equations (2) and (3) was conducted. Equa- 
tion (3) was estimated using instrumental 
variables, and the estimated coefficients were 
used to generate H for each individual at the 
end of primary school (ie. with S= 0). 
Equation (2) was then estimated with H as 
an additional independent variable. The 
coefficient on H is not significant in either 
country suggesting that simultaneity on 
account of selection for secondary school by 
cognitive achievement is unlikely.” 

The indirect effects of ability are measured 
and compared with the direct effect in Table 
6. Two ability levels are considered in each 
sample, corresponding to the mean values of 
R for the top- and bottom-ability terciles; all 
other characteristics of the sample are kept 
at their mean values. Within the three-equa- 
tion system, we then trace the difference in 
predicted wages between the two ability levels 
which is due to relations C, D, and E in 
Figure 1. The full consequence of the as- 
sumed ability difference—incorporating all 
three effects—is to create a difference in 
predicted wages equal to 32 percent of the 
sample mean in Kenya and 16 percent in 
Tanzania (the final row of the table). The 
direct effect of ability differences on earn- 
ings, working through the earnings function 
alone, accounts for only one-fifth of the pre- 
dicted full wage difference in Kenya and for 
much less in Tanzania (relation C). The indi- 
rect effect of ability on cognitive skill 
acquisition and hence on earnings represents 


ity. of simultaneity between equations (2) and (4) in 
Tanzania makes the Tanzanian results less reliable. 
However, the fact that the coefficient on S$ is signifi- 
cantly positive implying that the coefficient on S is 
biased downwards, suggests that the bias is not due to 
simultaneity. The extreme rationing of secondary enroll- 
ment in Tanzania ensures that the private demand re- 
mains strong—as revealed by the private rate of return 
and subjective responses to survey questions—despite 
government compression of the earnings structure (fn. 
17). The suggestion that the significant positive coeffi- 
cient is due to the less perceptive acquiring unprofitable 
education and receiving lower income, is therefore im- 
plausible. 

33 The coefficient was actually negative, being — 0.090 
(standard error = 0.053) in Kenya, and — 0.063 (0.079) 
in Tanzania. 
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TABLE 6— THE DIRECT AND INDIRECT EFFECTS OF ABILITY ON EARNINGS 
Kenya Tanzania 
Mean Values for the Difference Difference 
Top and Bottom 
Terciles Classified Top Bottom As Percentage Top Bottom As Percentage 
by Reasoning Ability Tercile Tercile Absolute of Total? Tercile Tercile Absolute of Total? 
R 33.8 19.8 14.0 33.3 18.5 14.8 l 
P 0.77 0.52 0.25 0.54 0.19 0.35 
H (all effects): 45.8 34.9 10.9 34.7 23.7 11.0 
Predicted Wages 
Showing the Effect of:® 
Relation C 1,064 979 85 24 749 739 10 7 
Relation D 1,089 929 160 44 772 704 68 48 
Relation E 1,127 1,012 115 32 765 700 65 45 
Relation E’ 
(human capital only) 1,076 1,014 62 17 754 718 36 25 
Relations C, D, E 
(all effects) 1,250 890 360 100 804 661 143 100 


aAs the sum of the separate effects is not exactly equal to their combined effect, each is expressed as a percentage of 
the sum. 

>The measure of each effect is derived from equations (2), (3), and (4). It shows the effect on the wage of replacing 
the mean value of ability for the subsample (R) by the mean value for the upper or lower tercile (R,). The. 
multiplicands are as follows: Relation C; c}; Relation D: c;-b,; Relation E: ¢,-p(a,)+¢3-p(a,)-b2; Relation E’: 
c3*p(a1)+ba; Relations C, D, E: c, + ¢3(b,+ p(a,)-b,)+¢-p(a,) (for instance, in the case of relation C: 


(In W), -in W) = c9(R, — R)). 


38 percent in both countries (relation D), 
and the indirect effect of ability via educa- 
tional attainment about a third (relation £). 
At least half of this effect works through 
human capital acquisition (relation Æ’) 
rather than credentialism. 

It is also possible to distinguish the differ- 
ent effects of secondary school attendance on 
earnings. The directly observed effect (rela- 
tion B in Figure 1) is derived from the 
coefficient c, in equation (4). The value is 
0.19 in Kenya and 0.11 in Tanzania, imply- 
ing that the wage is raised by 21 and 12 
percent, respectively, by what we termed 
credentialism. The other effect (relations F 
and A in Figure 1) is derived from a combi- 
nation of equations (3) and (4). The coeffi- 
cient b, in the former shows the effect of 
secondary schooling on cognitive skills, and 
c, in the latter the effect of cognitive skills on 
earnings. Their product b,-c (0.22 in Kenya 
and 0.14 in Tanzania) indicates that human 
capital acquisition in secondary school raises 
earnings by 25 and 15 percent, respectively. 


The human capital effect of a secondary 
education thus exceeds the credentialist 
effect. In summary, use of the three-equation 
system has shown that the indirectly mea- 
sured effects of differences in reasoning abil- 
ity and in educational attainment both ex- 
ceed the direct effects. 


V. Conclusions 


Our survey data from East Africa have 
permitted a sharper test than hitherto of 
the competing explanations—credentialism, 
ability, screening, or human capital—of why 
workers with secondary education earn more. 
The direct returns to reasoning ability in the 
labor market are small, those to years of 
education are moderate, and those to literacy 
and numeracy—dimensions of human capi- 
tal—are large. The returns to cognitive 
achievement are not significantly lower for 
manual than for nonmanual workers. 

The returns to cognitive skills cannot but 
be a payment for human capital. The direct 
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returns to years of education, on tae other 
hand, could reflect credentialism or screening 
or human capital acquired at school or at 
home; that is, their interpretation is in- 
conclusive. It appears that literate and 
numerate workers are more productive, and 
that education is valuable to workers because 
it can give them skills that increese their 
productivity. These conclusions hawe gener- 
ally satisfied the usual statistical tees. Their 
robustness derives no less from the “act that 
they all apply to both Kenya and Tanzania. 

The main effects of length of education 
and reasoning ability on earnings ire indi- 
rect, operating through the development of 
cognitive skills. More educated or brighter 
workers tend to be more literate aad num- 
erate. The main reason why secondary-leavers 
earn more on average than primary- eavers is 
their higher average level of -<ognitive 
achievement. However, there is substantial 
variation in cognitive achievement, and also 
in reasoning ability, within the two educa- 
tional groups. Whereas primary-leavers of 
high ability earn less than less ble sec- 
ondary-leavers, this is generally not the case 
for cognitive skills. Within each edacational 
group, high achievers earn a great Ceal more 
than low achievers. Just as cognitive achieve- 
ment is the main determinant of tre struc- 
ture of earnings, so also—far more than 
reasoning ability and school atterndance— 
does it account for much of the inecuality of 
earnings among workers. Because inequality 
is primarily due to differences in prcductivity 
based on cognitive skills, the efficizncy cost 
of reducing inequality may be high. 

Our analysis provides strong support for 
the human capital interpretation of the edu- 
cational structure of wages. Whetner these 
conclusions should be generalizec beyond 
East Africa to the many other cowntries in 
which rates of returns have been 2stimated 
is, however, open to question. Kenya and 
Tanzania have much lower incomes, and 
cognitive skills are in shorter suppl, than in 
most developing counties, particulerly those 
of Asia and Latin America. As 2conomic 
development proceeds, the growtk of edu- 
cated labor may outstrip the growth of the 
economy. In that case, the returns to cogni- 
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tive achievement may decline, while for polit- 
ical and institutional reasons the returns to 
years of education may remain high. 
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The Labor Contract ard True Economic Pension Liabilities 


By RICHARD A. IPPOLITO* 


Most pension-covered workers in the 
United States are covered solely or >rimarily 
by defined benefit plans.’ In theze plans, 
workers are typically promised a pension 
that is proportional to their years af service 
in the firm and their final wage. Depending 
upon how workers pay for it, the exstence of 
a pension in the labor contract may play 
either an important role or no role at all in 
the worker-firm relationship. This saper ad- 
dresses the issue, how workers pay for the 
cumulating pension benefit over thir tenure 
cycle in the firm, and derives se*eral eco- 
nomic implications for the worker-firm con- 
tract. 

While the theory itself has ambizuous im- 
plications, the data confirm the longstanding 
presumption that pensions offer strong in- 
centives for the worker to complet= the nor- 
mal tenure cycle in the firm, nct to quit 
early. But if this intuitive notion is. accepted, 
it is shown that a perhaps less intuitive no- 
tion is also true: firms make worzers long- 
term bondholders in the firm. The same flow 
of worker pension savings that tie workers to 
the firm are not accounted for in the pension 
trust fund: pension plans are siznificantly 
underfunded in a true economic sense. This 
is a peculiar characteristic of the abor con- 
tract which raises several unanswzred ques- 
tions. The paper also shows that -he nature 
of the pension contract can pley an im- 
portant role in determining the w.ge-service 
profile and the capitalized value cf the firm. 


*U.S. Department: of Labor, S-4521, Washington, 
D.C. 20210. The views expressed in this »aper are my 
own and do not necessarily represent the: views of the 
Department of Labor, The paper has substantially 
benefited from the comments of Pauline Ippolito and 
discussions with Jeremy Bulow. I am als= indebted to 
Robert Clark, Gary Fields, Alan Gusman, Olivia 
Mitchell, James Pesando, John Turner, Michael Ward, 
and participants at the Labor Relations Workshop at 
Cornell University and the Law and Ecoromics Work- 
shop at the University of Chicago for conaments, 

See my 1985a book. 
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Recent contributions to the literature pose 
an interesting and unconventional view of 
pensions, one which leads to the conclusion 
that pensions play a relatively minor role 
in the worker-firm contract. The argument 
has been implicitly made by Burt Barnow 
and Ronald Ehrenberg (1979) and William 
Sharpe (1976) but has recently been stated 
more directly by Jeremy Bulow (1982).? In 
essence, their views rest on a “legal” inter- 
pretation of pension liabilities; namely, since 
the firm can legally terminate its pension 
plan anytime, the firm’s pension liabilities 
cannot exceed the present value of the nomi- 
nal pension promises it would owe workers if 
the firm terminated the plan immediately. If 
workers believe the firm will exercise its legal 
right, it is intuitively apparent and easy to 
show that workers will deposit only that 
amount of compensation into the pension 
plan that they expect to receive upon im- | 
mediate termination. Using this interpreta- 
tion of pension plan liabilities, pensions have 
no influence on whether the worker leaves or 
remains in the firm. Moreover, it will be 
shown that if the pension contract is written 
in nominal terms, reflecting the legal view, 
workers are not bondholders in the firm: 
pension plans are excessively overfunded. 

An alternative view is that the pension 
plan is an “implicit contract” between the 
worker and the firm (see, for example, Jack 
Treynor, 1977). An implicit contract theory 
implies that workers anticipating careers with 
a firm will consider the package of wage and 
pension benefits they expect to collect over 
their life cycle. It is shown that these expec- 
tations lead quite directly to several implica- 
tions: that the pension contract is written in 
real terms; that firms intend to meet their 
pension promises; and that the firm will re- 


2The argument is also implicit in other related papers; 
see, for example, Martin Feldstein and Randall Morck 
(1982). 
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tain the plan intact and pay pension liabili- 
ties that are either implicitly or explicitly 
indexed to the final wage. 

Using the implicit contract model, workers 
in pension plans have strong incentives to 
remain with the firm. Moreover, compared to 
a legal model, workers expect to “get more” 
from their pension plan in this model, and 
hence contribute more heavily to the pension 
early in their careers. This savings propensity 
has strong implications for the wage-service 
profile; in addition, pension liabilities are 
much larger than those predicted under a 
legal model. Indeed, under this interpreta- 
tion, it turns out that pension plans are 
significantly underfunded: workers are long- 
term bondholders in the firm, suggesting that 
pensions signal a more complex worker-firm 
contract than typically considered, one which 
involves investment in the firm beyond hu- 
man capital investment. 


J. An Economic Model of Pension Liabilities 


The first task is to derive a formal expres- 
sion for the economic pension liability in- 
curred by the firm, one which captures the 
essence of the legal and implicit contract 
theories. This derivation will provide the ba- 
sis for drawing empirical implications from 
the models. 


A. The Basic Model 


I begin by making the assumptions that 
firms do not provide pensions to workers for 
free, and that workers will not sacrifice wages 
in excess of the true value of the pension. 
Workers pay firms an amount that is pre- 
cisely equal to the present value of expected 
pension payments. They forgo a portion of 
their total compensation throughout their 
work lives in the firm in exchange for a 
pension at retirement. An economic pension 
liability arises when the firm accepts a 
worker’s implicit pension contributions; the 
liability is absolved only when the firm re- 
turns these contributions, plus accumulated 
interest, when the worker retires. If these 
savings are not held in trust, the transaction 
is tantamount to an unsecured loan agree- 
ment. 
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If pension savings could be observed di- 
rectly, the calculation of firm pension liabili- 
ties would be a trivial task. Unfortunately 
the pension savings flow is a hidden compo- 
nent of compensation. The trick is to infer 
pension savings rates from announced pen- 
sion benefits. That is, if workers’ implicit 
pension contributions equal the present value 
of expected pension benefits, presumably it 
is possible to infer what pension savings 
rates must be, given workers’ evaluations of 
announced benefits. Proceeding in this back- 
wards fashion provides information about 
the worker’s savings flow over the tenure 
cycle. The portrait of this flow will be radi- 
cally different depending upon whether one 
believes in a legal or implicit contract theory. 
It is this distinction that is exploited em- 
pirically to determine which savings flow, 
that is, which theory, best describes reality. 

To illustrate, suppose a firm has one worker 
who starts at the firm at age 0 and retires at 
age R. Thus age and service level can be 
denoted by a, 0 <a < R. In reality, a worker 
typically vests at some age a°, 0 < a? < R. If 
the worker dies or quits the firm or if the 
firm fails or terminates the pension plan 
before he attains the age and service level a°, 
he collects nothing; if either of these events 
occurs between the ages a? <a < R, he col- 
lects the nominal value of his pension ac- 
crual as of service level a, payable at age R.* 
Regardless of the theory of the pension con- 
tract, however, liabilities attributable to un- 
vested workers are very small. Thus, I can 


3It is theoretically possible to measure these savings 
rates by estimating the cash wages of pension-covered 
vs. uncovered workers over all ages. In practice, for a 
variety of reasons, this task has proven to be difficult 
and has not been successfully accomplished to date. 

4If the firm fails early and does not maintain suffi- 
cient assets in the plan to cover at least its nominal 
liabilities, the expression becomes somewhat more com- 
plicated. Thus, for present purposes it is assumed im- 
plicitly that the firm maintains at least this level of 
funding. As shown below, most pension plans’ funding 
status in fact do fall within the constraints of this 
assumption. In addition, since the passage of the Em- 
ployee Retirement Income Security Act of 1974, pen- 
sion-covered workers pay for insurance that guarantees 
receipt of nominal benefits in the event of plan termina- 
tion. 
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simplify the ‘discussion without meterially 
affecting the results by considering cnly the 
case of vested workers.’ 

Now consider the pension formuB. Sup- 
pose the worker’s pension at age R s given 
in the form of a lump sum, and fiat the 
amount of the workers pension is Dropor- 
tional to his years of service and tke com- 
pensation level he is earning at the age he 
leaves, say age j.° Usually the penson for- 
mula incorporates the worker’s cash wage at 
retirement. But it greatly simplifies the ex- 
position without affecting the result: if it is 
supposed the formula incorporates the work- 
er’s gross-of-pension-savings wage (ie., cash 
wage plus the worker’s implicit penson sav- 
ings during that year); denote this compensa- 
tion by W;. If it is assumed that pensons are 
the only fringe benefits, W, can be thought of 
as the individual’s value of marginal product 
at age j. Thus, the pension formule can be 
represented by 


(1a) 


where PB represents the lump sum pension 
benefit, payable at age R, and b i. a con- 
stant reflecting the generosity of the pension 
plan.’ 


PB=baW,, 


5 Examination of annual pension report Jata using 
techniques discussed below suggests that the distortion 
is in the range of 10 percent. The distortion -s small in 
the implicit contract model partly because unvested 
workers have low service levels and partly tecause the 
turnover among unvested workers is relativel- high. For 
example, the annual quit probability of ac unvested 
male worker under age 30 in a pension firm is between 
10 and 25 percent, depending upon the worke’s particu- 
lar age and tenure level (see James Schulz, 1580). In the 
legal model, the distortion is low because us= of a high 
discount rate virtually evaporates benefits -ccrued by 
unvested workers who are usually far away fom retire- 
ment age. 

In fact, defined benefit plans almost -lways pay 
benefits in the form of annuities; but the resalts are not 
affected by this simplification. 

7Most pension plans have benefit formuas that are 
similar to this specification. Pensions are aot always 
dependent on the final year’s salary. Oftertimes pen- 
sions will be based on the last three or fire years of 
tenure. See, for example, Bankers Trust 1980) and 
Urban Institute (1982). 
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It is easy to characterize the worker’s ex- 
pected pension benefits at any given age; 
they depend on the pension formula and the 
probabilities that the worker will leave the 
firm early, or that the firm will terminate the 
plan early. If the worker is vested, the present 
value of the pension can be represented by 


R ~i(R—-a) J; 
(1b) PY,= Í _ PAW fae dj, 


where i is the nominal interest rate, j is the 
termination age; and f, is the conditional 
probability density of pension accruals stop- 
ping either because the individual leaves the 
firm or the firm terminates the pension at age 
j, given that the individual is currently age a. 

The firm’s pension liability when the 
worker is age a depends on how much the 
worker has saved in consideration of receiv- 
ing this pension, which in turn depends on 
the worker’s evaluation of the value of his 
promised benefits. The key to the worker-firm 
contract riddle is held by the density param- 
eter fi, in (1b). What is the worker’s assess- 
ment that, at retirement age R, he will actu- 
ally receive a pension indexed to his final 
wage W, compared to some lesser pension 
indexed to some lower wage W,, j< R? 

Consider the legal theory first. This theory 
is built on the presumption that workers 
believe the firm will in fact terminate the 
pension immediately (or they believe they 
will either quit or be fired imminently).® In 
this case, the density function in (1b) be- 
comes a point density at the current age 
j=a, and the present value of the pension 
perceived by a worker age a is 


(2a) 


PV, = baW,e7 8-9), 


Now consider the implicit contract model. 
The worker believes the firm will maintain 
the pension plan intact, even though the firm 


8 Or if workers are so myopic they believe their wage 
will never rise beyond W, regardless of inflation, overall 
productivity growth or the firm’s age/service wage pro- 
file. 
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could legally terminate the plan at any time.” 


To keep the expressions neat, assume that 
the empirically small probabilities that the 
vested worker will quit or the firm itself will 
fail are approximately zero. It will be shown 
below that this assumption has no important 
consequences for the main results.!° Using 
these simplifications, the density function in 
the implicit contract model is again a point 
density, but this time at the retirement age 
j= R, not at the current age j=a. As a 
result, the present value of the pension in 
(1b) can be written as 

(2b) PV, = baWze7"R-9, 

Note that the implicit contract expression 
in (2b) differs from legal expression in (2a) 
only because the expression in (2a) incorpo- 
rates the current compensation level W,, 
while the expression in (2b) incorporates the 
anticipated compensation level at retirement 
Wp. To compare the expressions more easily, 
it is convenient to rewrite (2b) in terms of 
current compensation at age a. For this pur- 
pose, assume that the worker expects his 
level of compensation to increase over his 
age at the rate g; these increases will reflect 
the firm’s wage-tenure profile, overall pro- 
ductivity growth and inflation. In this case, 
the expression in (2b) becomes 


(2) PV, = baW,e(8-XR-4), 


°The credibility of the promise need not rely solely 
on a belief that history will repeat itself. Workers and 
firms presumably understand the wage penalty that 
would be imposed on any firm that reneged on its 
pension promises. 

10 Empirically, the vested quit-plus-death rate is ap- 
proximately 2 percent. The annual death rate for the 
typical pension participant (starts with the firm at age 
38, retires at age 62) is .0075; the quit rate for this age 
and service group is approximately one percent (Schulz). 
Comparison of plan termination data from the Pension 
Benefit Guaranty Corporation and Department of Labor 
pension universe data show that the probability that a 
pension-covered worker will find himself in a firm that 
terminates over a 25-year period is only 3 percent. It is 
shown below that since the quit probability is small, the 
implications of the zero quit assumption remain essen- 
tially unchanged (see fn. 14). 
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The present value of benefits at age a can 
now be written succinctly to accommodate 
both these theories as 


(2c) 


where A is a parameter that can be set equal 
to zero or unity. In a legal interpretation of 
pensions A = 0; in an implicit contract model 
A=1. This is the expression I set out to 
derive. It says that the worker’s calculation 
of his pension wealth is a discounted value of 
the benefit formula based on current service 
and wage levels. The only difference between 
the legal and implicit contract theories is the 
value of the discount rate; given substantial 
inflation this difference can be very large. 

In the legal theory, the worker is so pessi- 
mistic that he believes that either the firm’s 
termination of the pension plan or his own 
departure from the firm is imminent. In this 
theory, the wage index g in the economic 
calculation in (2c) is irrelevant to the worker; 
hence, expected pension benefits are based 
on current wages discounted by the nominal 
interest rate. In an implicit contract theory, 
the worker believes the firm will keep the 
pension plan intact regardless of its legal 
right to terminate. In this theory, the wage 
index is a critical component in his economic 
calculation; hence expected pension benefits 
are based on current wages discounted by 
the difference between the nominal wage 
growth rate and the nominal interest rate. 


= Ag—iXR- 
PY, = baW eí g~i(R-a) | 


B. Implications of the Model 


Given the derivation of the expression in 
(2c), some empirical implications from the 
model can now be derived. First, implica- 
tions for the theory of worker-firm attach- 
ments are considered. Second, implications 
for the shape of the (cash) wage-tenure pro- 
file are examined. The pension-mobility rela- 
tion has already been estimated elsewhere. 
The pension-wage profile implications are 
tested below. 


1. Pensions and Mobility. The implications 
of the legal and implicit contract theories for 
the worker’s propensity to stay with the firm 
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should be apparent. The present vale of the 
worker’s cumulative implicit pensioa savings 
to age a are given by equation @c). If a 
worker leaves the firm at age a, the firm 
freezes the pension benefit in nomiral terms; 
that is, upon premature departure, the firm 
sets the wage growth parameter g equal to 
zero. The worker collects a pension.at age R 
but its value is indexed to his teamination 
wage at age a. 

The capital loss to a vested wosker from 
early departure from the firm is, th=refore, 


(3) CL=PV,(A=0)[e%#8-9 4]. 


It is apparent from (3) that in a legal theory 
of pensions (A=0) the capital bss from 
early departure is zero (CL(A = 0) = 0); that 
is, since the parameter A is set to zero in this 
theory, setting g equal to zero upœn prema- 
ture departure is inconsequential. Pat another 
way, in a legal model, the worker Days only 
the incremental value of his nominal pension 
from each additional year’s work Zhe disre- 
gards positive values for g); thus, upon de- 
parture, he gets exactly what he paad for. 

In an implicit contract model, tne capital 
loss from departure can be very sizable. In 
this model, the worker pays for an indexed 
pension. But if he quits, he receixes only a 
nominal pension. In terms of the expression 
in (3), the worker sets the parameter À equal 
to unity in making his savings deci -ion in the 
firm. Upon departure, setting g equal to zero 
frustrates this expectation. If a worker is 
required to implicitly contribute to the pen- 
sion plan in expectation of receivng an in- 
dexed pension upon retirement, he has a 
powerful incentive not to leave the firm early. 
Consider a worker with 20 years of service 
and 10 years until retirement (a =20; R — a 
=10); also assume that the lump sum pen- 
sion is worth 15 percent per year of service 
(b =.15) and the nominal interest -ate equals 
the nominal wage growth rate whch in turn 
equals 10 percent (i = g =.10). Ir this case, 
CL =1.88W,,: the capital loss fror early de- 
parture equals almost two times iis current 
annual wage. 

Contributions in the literature tying re- 
duced mobility to pensions implicitly accept 
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the implicit contract theory (see for example, 
Olivia Mitchell, 1982; Bradley Schiller and 
R. D. Weiss, 1979): workers pay for real 
pensions but upon departure collect only 
nominal pensions. The legal model predicts 
no relationship between pensions and mobil- 
ity: quitters receive precisely what they paid 
for. The empirical results showing a negative 
relation between pensions and mobility indi- 
rectly confirm the validity of the implicit 
contract model and reject the legal model. 
More direct empirical tests can be taken 
from the theories’ predictions about wage- 
service profiles. 


2. Pensions and Wage -Service Profiles. The 
implications of the two theories for the shape 
of the wage-tenure profile are only slightly 
less apparent. To make this discussion con- 
crete, however, one additional assumption is 
made. Following Bulow, it is assumed that 
workers’ cash wage plus pension savings is 
equal to the value of marginal product in 
each period: 


(4) CW, =W,(1— Sq); 


where CW, is the cash wage at age and 
service level a, and S, is the change in the 
present value of the pension (net of interest 
earnings) as a percent of total compensation 
at age a. If this relation does not hold—if 
the firm arbitrarily imposes wedges between 
the pension accrual rates and the actual sav- 
ings flow—the predictable effects of the legal 
and implicit contracts for cash-wage profiles 
are lost. In this sense, it is noted that the 
implicit contract theory in this model does 
not require abandonment of the spot market 
assumption. The “spot” assumption in (3) 
will be tested with the legal and implicit 
models below. 

Consider the cash-wage profile in equation 
(4). To translate the expression into a more 
useful form, the pension savings rate S, must 
be solved explicitly. Given the assumptions 
that workers pay for their pension accruals 
as they earn them, the savings rate is derived 
by differentiating the present value pension 
amount shown in (2c) with respect to age, 
and subtracting interest on past contribu- 
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tions.!! Performing this exercise, the implicit 
savings rate at age a (as a percentage of total 
compensation) is 


(5) S,=[1+(1-A) ga] beQs-OR-2), 


This expression plus the spot market as- 
sumption in expression (4) provide a means 
to test the legal and implicit contract theo- 
ries. It is apparent from (5) that in a legal 
theory (A = 0), the pension savings rate in- 
creases rapidly at higher service /age levels in 
the firm: S’ > 0 and S/’> 0. Under plausible 
conditions, the legal theory can imply drastic 
backloading of savings late in life. For exam- 
ple, suppose the nominal growth rate in wages 
and the nominal interest rate are each 10 
percent (g=i=.10), the tenure level at re- 
tirement R is 30 years, and the pension 
benefit parameter b is .15.! In this case, the 
savings rate at starting age (a = 0) according 
to equation (5) is less than 1 percent; at age 
30, the savings rate is 60 percent. Intuitively, 
the distrustful worker is a reluctant pension 
saver until he actually approaches retire- 
ment. But if this is so, the wage relation in 
(4) suggests that cash wages should become 
abnormally low at later tenure levels because 
pension savings consume progressively larger 
portions of gross compensation. 

In contrast, the savings rate in the implicit 
contract model is not dependent solely on 
the nominal interest rate i, but rather on the 
difference between the wage growth rate and 
the interest rate, i—g. To pursue the full 
implications of this model, it is useful to 
acquire a plausible parameter value for this 
difference. It turns out that as long as the 
long-term interest rate and expected wage 
growth equally reflect inflation, the dif- 
ference i—g will be significantly less than 
zero: the real rate of return earned by pen- 
sion funds is substantially lower than real 


In particular, even if no additional savings takes 
place, just by waiting one additional period in the firm, 
the individual receives interest on past contributions 
equal to iPV,. : 

12 The average savings rate of covered workers through 
their pensions is approximately 15 percent. See my 
1985b article. 
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wage growth, by approximately two per- 
centage points. If the model is generalized 
to allow early quitting, firm failure, and pre- 
mature death, it can be shown that in the 
extreme, the sum of these probabilities would 
act exactly like higher real interest rates. If 
cne thinks of the interest rate as including 
these additional influences, it still would not 
dominate the influence of real wage growth.4 
Thus, in terms of the current notation, it is 
generally true that real wage growth weakly 
dominates an enhanced interest rate: g >i. 
Consider the plausible case where the 
nominal growth rate in wages equals the 
nominal interest rate, g=i. In this case, 
the implicit contract model predicts that the 
change in the savings rate with respect to 
service level is zero: S/ = 0. When the worker 
and firm have an implicit long-term contract, 
the worker is willing to save through the 
pension more evenly over his life. In terms of 
the cash-wage expression in (4), the implicit 
contract theory says that pensions should 
affect cash wages proportionally over the 
tenure cycle. Pensions have no basic in- 
fluences over the shapes of these profiles. 
The wage-service profiles provide a clear 
test of the theories. Consider a comparison 


13The real rate of return earned by pension funds 
over the longest period over which data is available 
(1963-82) has been approximately 1 percent (Alicia 
Munnel, 1983). Wage growth reflects a presumably posi- 
tive wage service profile in the firm as well as overall 
productivity growth. Roger Gordon and Alan Blinder 
(1980) have estimated a wage growth rate over the life 
cycle of work with the firm (holding firm productivity 
censtant) in the vicinity of 1 percent. Real wage growth 
in the United States over the past 30 years has been in 
the vicinity of 2 percent (Economic Report of the Presi- 
dent, 1982). Thus, assuming that wages and interest 
similarly reflect an expected inflation factor, it follows 
that g—i is approximately 2 percent. 

4To show this, take the extreme assumption that 
departure from the firm early or firm failure will have 
the same result as early death: no pension will be paid 
(instead of a nominal pension). In this case, the sum 
(say q) of the quit rate, death rate, and firm failure rate 
will enter the model exactly like the interest rate. Since 
q is almost certainly less than 2 percent (see fn. 10), we 
still have g > q +i (see fn. 13). Introducing this factor 
makes the equality a more likely approximation to real- 
ity, but does not change the essence of the qualitative 
result: discounting as such will not occur during the 
worker’s tenure in the firm. 
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of cash-wage-service profiles for D>ension- 
covered and uncovered workers. Other things 
constant, if the legal theory is correct, these 
profiles should be flatter for pensior-covered 
workers. If the implicit contract theory is 
correct, these profiles should be either no 
different or perhaps even somewha: steeper 
for pension-covered workers. 


II. Tests of Pension Contract Theories Using 
Wage-Tenure Relations 


A. Specification of a Wage-Tenure Equation 


For empirical purposes, I choose a func- 
tional form for the wage function that is 
consistent with a positive but diminishing 
tenure effect, but that also leads to a simple 
representation of the contrary pred-ctions of 
the legal and implicit contract tkeories. I 
_ wish to make specific allowances for the pos- 
sibilities that pension savings rates increase 
(or decrease) over the tenure cycle and that 
the spot market assumption in (4) 5 invalid. 
A wage function that satisfies these =riteria is 


(6) CWetftle+yinT)]P+(5(B)+i(B) aT} 


= KTUtPX X eaP, T>0. 
This specification is somewhat unconven- 
tional because it implies that the sart wage 
is zero; while this could be a problem in 
theoretical models, it is not important for my 
purposes as long as the data is corcentrated 
away from zero tenure levels. 

The left-hand side of (6) represents total 
compensation for the worker at tne tenure 
level T; the right-hand side represents the 
value of marginal product. The varable CW, 
is the worker’s cash wage; total Cmpensa- 
tion equals the cash wage, adjusted by the 
series of terms found in the exponeatial term. 
The parameter f reflects the nenpension 
fringe benefit as a percent of cash wage. The 
first bracketed term in the exponent that is 
interacted with a zero-one pension dummy P 
(=1 if there is pension coverage) reflects the 
pension-savings rate. The paramezer « is a 
constant. The parameter y is critical to a test 
of the theories: it reflects the induence of 
tenure on the pension savings raze. In the 


IPPOLITO: LABIR CONTRACT- PENSION LIABILITIES 1037 


legal model, the wedge between gross and 
net-of-pension-savings compensation grows 
with tenure: y > > 0; in the implicit contract 
model (recall g > i), the parameter y is either 
zero or slightly positive. 

The second bracketed term in the expo- 
nent reflects a test of the spot market as- 
sumption. Total compensation may not equal 
value of marginal product in every period. 
For example, the firm could deliberately twist 
the cash wage profile so that workers get 
paid too little early and too much later (see 
Edward Lazear, 1979). What makes this the- 
ory testable, however, is that compensation 
over the worker’s tenure must equal his value 
of marginal product. But while workers in 
any given firm tend to retire around the same 
age, they begin over a wide range of ages.)° 
It is easy to show that in order to balance the 
books in a nonspot model, the parameters 6 
and / in (6) must be set differently depend- 
ing upon the worker’s beginning age in the 
firm, denoted by B. 

The right-hand side of (6) is straightfor- 
ward. The worker’s marginal product is as- 
sumed to be related to his tenure level. The 
vector X is permitted to affect compensation 
directly and to influence the shape of the 
wage-service profile. The specification in (6) 
allows pensions to affect (or to be correlated 
with) productivity in a proportional way 
through the term: d P.16 


15 Work patterns in firms are clearly not homoge- 
neous. For example, in a Department of Labor sample 
of 80 firms that reported at least 25 retirees during the 
period 1975-78, the standard error on age retired within 
the firm averaged 3.5 years. The standard error for 
service length in the firm averaged 13 years. Since there 
appears to be a fairly narrow window around retirement 
age, and since tenure levels have a wide variance, it is 
apparent that, in order for the firm to pay appropriate 
present value compensation to all workers, it must ad- 
just workers’ profiles according to the age started with 
the firm. Evidence from this same survey reported below 
contradicts this prediction (see Table 1). 

6This term could also reflect the indirect impact of 
pensions on the rate of hours worked, an effect caused 
by lifetime tax effects affiliated with pensions. If the 
wage rate is related to the rate of hours worked, it can 
be shown that pension coverage can quite plausibly 
cause workers to follow (proportionally) higher wage 
profiles over the tenure cycle. See my 1985b article. 
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The most direct way of inferring the value 
of the parameter y is to estimate the specifi- 
cation in (6) directly. Unfortunately, it is 
very difficult to estimate this equation using 
a cross section of workers because the selec- 
tion on who accepts pensions will bias the 
estimate of y (high-wage earners are more 
likely to accept pensions compared to low- 
wage earners). By exploiting individual wage 
history data, this problem can be cir- 
cumvented. In particular, by comparing be- 
ginning and ending wages for each worker 
rather than comparing wages between pen- 
sion-covered and uncovered workers, an 
estimate of the parameter y can be made 
without encountering the nuisance selection 
problem present in a direct estimate specifi- 
cation. Writing the expression in (6) for the 
year of retirement and dividing by the same 
expression for the first year of work in the 
last job, and assuming /(B) is a linear func- 
tion, we have 


(7) In(CWp/CW) =Cot ce In(Tp/Tp) 
+ c4in(Tp/Tp)-B + error. 


The cash wages are adjusted by the non- 
agricultural wage index for the United States; 
hence the wage measures are purged of the 
influences of inflation and overall productiv- 
ity growth. It is noted that in the transition 
from (6) to (7), several terms conveniently 
cancel, including the terms 6(B), X°, and 
exp(P [d — «]); all remaining variables inter- 
act with relative tenure levels (except health 
problems at retirement which are specific to 
years late in the tenure cycle). 


17The empirical specification can be directly related 
back to the pension model used above. Using the 
expressions found in (4) and (5), the ratio of cash wages 
at retirement relative to the start age divided by the 
same ratio of total compensation is 


Q= (CWr/CWy)/(We/ W) 


= [1-b (1+ (1A )gR)]/[1— be®s-ÐR], 
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In terms of the empirical model specified 
in equation (7), the legal theory of pension 
savings is supported if c,=—y< <0; in 
contrast, under plausible assumptions (i = g), 
the implicit contract theory is supported if 
c,=—y=0. If i<g, the implicit contract 
theory is also consistent with the result c, > 0. 
Finally, the spot assumption is supported if 
the coefficient on the beginning age variable 
is zero (c, = 0). 


B. Social Security Retirement Data 


To test these predictions, equation (7) was 
run using two data bases; the first is the 
Social Security Administration Newly Eniti- 
tled Beneficiaries (SNEB) Survey. The ad- 
vantage of this data base is that it includes 
information about pension-covered and un- 
covered workers. It does not include multiple 
observations per firm and thus no informa- 
tion is available to test the spot assumption. 
This shortcoming will be rectified (at a cost) 
using a second data base. 

The SNEB Survey describes the personal 
and job characteristics of several thousand 
recently retired workers who applied for So- 
cial Security benefits in 1970. Years of service 
in their last main job are reported. Their 
earnings histories are also reported as far 
back as 1951. Thus, if the worker’s tenure 
with the firm began prior to 1951, the begin- 
ning cash wage equals his earnings in 1951; 
his tenure variable is set equal to his tenure 
level in 1951. If workers reached the Social 
Security earnings maximum, their earnings 
are estimated based on an algorithm devel- 
oped by Alan Fox (1982).1* The vector of 


18Separate analyses of Fox’s wage estimates against 
observable earnings data in the Survey reveal no bias in 
the estimation method. Actual ending (but not starting) 
wage earnings in the worker’s last main job are reported 
in the Survey. Comparing these actual earnings to the 
Fox-estimated earnings for those facing the Social 
Security maximum earnings in their last year of full time 
work, the Fox-to-actual ratio turned out to be .965; 
thus, it is apparent that Fox’s estimation method (based 
on quarters-of-coverage information in the Social Secur- 
ity files) comes on average remarkably close to pre- 
dicting actual earnings. In any event, the regressions in 
Table 1 were run separately using only those observa- 
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other variables X in (7) includes the vorker’s 
occupation, industry, and personal cLaracter- 
istics. 

The results of the regression are isted in 
the first column of Table 1. The stimates 
teveal a coefficient on the pension variable 
PENSION( = P) that is slightly negative but 
insignificantly different from zero, suggesting 
that cash-wage profiles are unaffected by 
pension coverage; that is, implicit pension 
savings rates are approximately cons.ant over 
the tenure of pension-covered woskers. In 
short, the results support the impLcit con- 
tract theory and contradict the legal -heory. 


C. Department of Labor Pension Data 


These results can be verified usħg alter- 
nate data. In particular, the Deparment of 
Labor maintains a data base tha reports 
(Social Security) wage histories for 1642 re- 
tirees from 61 defined benefit pension plans. 
While the data excludes firms with no pen- 
sions, the wage profile test can stil be per- 
formed by substituting the generos#ty of the 
pension plan (PENSION SIZE) instead of a 
simple pension dummy variable. Pension 
generosity is measured by the parameter b 
used above (see equation (1a)) that is easily 
estimated for each plan.’? From 75), it is 





tions that were not estimated by Fox. The qualitative 
results (not reported) remained essentially urchanged. 
19Most large pension plan formulas resemble the 
specification in equation (1a); that is, the persion benefit 
is log-linear in service level and wage at retirement. 
Benefits are usually actuarially reduced for “early” re- 
tirement relative to normal retirement age asd joint and 
survivor election, and increased for “late’” retirement. 
Normally, benefits are higher in firms tha’ have later 
than normal ages of retirement. As such, fo estimation 
purposes, pension plan formulas can be represented 
by the equation In PENSAMT = a, lt WAGE + 
a, In SERVICE + a, JOINT AND SURVIEOR ELEC- 
TION +a, AGE RETIREMENT+a, EARLY +a; 
LATE +a, YEAR RETIREMENT + b, PZAN l+ b 
PLAN 2+ ++: +b PLAN 61, where PENSAMT is 
the retiree’s annual pension as of 1978. EARLY and 
LATE refer to retirement before or after the plan’s 
“normal” retirement age, thereby signaling an actuarial 
adjustment. Accounting for early and late retirement, 
AGE RETIREMENT refers to the normal ae of retire- 
ment in the plan. The variable WAGE is he worker’s 
final wage in the firm, and SERVICE is theindividual’s 
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apparent that in a legal theory, as the 
generosity of the plan is increased, the pen- 
sion savings wedge that grows with tenure 
becomes even more exaggerated: 07S, /dadb 
> 0; in an implicit contract model (in the 
plausible case when i= g), the wage-service 
profile is either unaltered: 97S, /dadb = 0; 
or, if g>i, 0°S,/dadb<0. Thus, if the 
coefficient on PENSION SIZE is negative 
(and large), the legal theory is supported; if 
it is zero or positive, the implicit contract 
theory is supported. 

This data base has several advantages over 
the Social Security data. For example, since 
all the individuals are covered by pensions, 
the selectivity problem on who seeks pension 
coverage is reduced. The data base also re- 
ports the union status of pension plan par- 
ticipants and the date of plan creation; thus, 
union influence on wage profiles can be mea- 
sured, and further, all observations for which 
the starting year wage (CW) is observed is 
earlier than the date of plan creation can be 
excluded from the data.” Finally, because 
each of the 61 plans in the sample has an 
average of 27 retirees,” the influence of the 
average wage and the average starting age in 
the firm on wage profiles can be measured. 
The starting age of each worker relative to 
the average in the firm can be used as a basis 
to test of the spot equilibrium model. 

The results of this regression are presented 
in the second column of Table 1. Again, the 
results contradict the legal theory of pen- 
sions. Far from being negative and large, the 
coefficient on PENSION SIZE is positive. 
The results are consistent with the implicit 


service in the firm at retirement. Finally PLAN i de- 
notes a dummy variable equal to unity for all observa- 
tions in the ith plan, zero otherwise. Estimating this 
equation using 1642 retirees in 61 plans, the 61 b-param- 
eters were estimated. 

20m the Social Security Administration data file, it 
was assumed that retirees were covered in the year their 
first wage was reported. Statistically, two-thirds of all 
pension plan participants were in plans established prior 
to 1951. Thus, some noise in the pension variable is 
present in that data. 

2 Te prevent some large plans from dominating the 
results, no more than 100 retirees were selected ran- 
domly from the large plans. 
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TABLE 1— THE EFFECT OF PENSION COVERAGE AND PENSION AMOUNTS 


ON WAGE PROFILES 
Sccial Security 
Administration Department of Labor 
f Retirement Data Pension Data 
Independent Variables (1) (2) 
Log of Tenure Ratio: In(Tk/ T9) .030 - —.075 
(1.06) . (1.11) 
Health Problems at Retirement — .020 - 
(1.53) 
All Remaining Variables are 
Interacted with In(T / Tọ) 
PENSION s —.004 - 
(.40) 
PENSION SIZE? - .129 
(2.93) 
College Graduate .007 - 
(41) 
High School Graduate —.015 - 
(1.06) 
Female .060 .018 
(4.82) (1.56) 
Black —.001 054 
i (.02) (3.82) 
UNION? - .002 
(67) 
UNION: PENSION SIZE - — 029 
(.64) 
Average (Annual) Wage in Firm? - .0086 
(4.52) 
Average Starting Age in Firm - .002 
(1.81) 
Worker’s Starting Age Minus - — .0006 
Average Starting Age in Firm (.94) 
Industry Dummy Variables? X x 
Occupation Dummy Variables? X Xx 
Firm-Size Dummy Variables? X 
Year of Retirement Dummy Variables‘ X 
Observations 3413 1642 
R? 054 106 


Notes: Dependent Variable: In(CWg/CWo) Data for the first regression are from 
the SNEB Survey 1970. Data for the second regression are from a Department of Labor 
survey that includes Social Security Administration earnings histories of workers from 
61 pension plans who retired during the period 1967-77; (absolute) ¢-statistics are 
shown in parentheses. 

4PENSION SIZE is found by estimating the parameter b in the pension formula for 
each of 61 plans represented in the sample. See equation (1a) and fn. 19. 

>UNION equals one if the pension plan is ccllectively bargained, zero otherwise; 37 
of 61 plans were characterized by UNION =1. 

*Sample mean $18.4 thousand. The average wage in the firm is taken as the average 
of (real) final wages of the sample of retirees in each plan in the sample. 

Eight industry dummy variables and eight occupation dummy variables were 
included. 

*Seven firm-size dummy variables were included. 

Nine year-of-retirement dummy variables are included. 
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contract theory if g >i. Assuming tne valid- 
ity of the implicit contract theo-y, it is 
straightforward to determine that tke results 
suggest that the exponent in (2c). namely 
(i— g), equals —.005.” It is also irteresting 
to note from the results that, wile wage 
profiles are affected by the average wage 
level and the average start age in -he firm, 
they are not sensitive to the relative start age 
of workers in each firm, providing some evi- 
dence in support of the spot model. 


D. Implications of Results 


The results using either data basz are de- 
cidedly inconsistent with the legal “heory of 
pensions that predicts a negative end large 
value for the pension coefficient. Instead, the 
results support the implicit contract theory 
in the special case when the interest rate is 
approximately equal to, or slightly lower 
than, the expected growth in nominal wages. 

These results have important implications 
for the nature of the labor contract. First, the 
results offer strong support for theeries that 
have pensions acting as a deterrent to early 
quitting or shirking (Lazear, 1982). E workers 
save in the firm in anticipation of receiving 
wage-indexed pensions upon retirement, pre- 
mature voluntary or involuntary departure 
from the firm will trigger a sizab capital 
loss (see (3)). 

Second, if workers save as if they expect a 
real pension upon retirement, it folbws that, 
as a whole, workers must be bng-term 
bondholders in the firm. That is, reported 
pension liabilities are usually calcelated on 
the basis of the legal theory (pension prom- 
ises are discounted at nominal interzst rates). 
On this basis, reported liabilities are usually 
lower than pension assets: pensions are typi- 
cally reported to be overfunded. Eut if the 
implicit contract theory is correct, reported 
liabilities significantly understate th= true lia- 
bilities facing the firm. Using disccunt rates 


2 The coefficient on PENSION SIZE is an estimate 
of 2'(b) (fn. 17). Calculating Q’(b) from th expression 
in fn. 17 and setting A=1 (which assumes the validity 
of the implicit contract model), the implied estimated 
discount rate is determined. 
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that are consistent with the implicit contract 
theory, it has been shown that pension plans 
are significantly underfunded (by approxi- 
mately 30 percent during the post-World War 
II period);** this despite demonstrable tax 
advantages afforded full funding (Fisher 
Black, 1980; Irwin Tepper, 1981). In short, 
quite apart from human capital issues, the 
results imply that workers typically have a 
direct financial stake in the firm, one that 
takes the form of an unsecured long-term 
bond. 

Third, and finally, a corollary to the 
worker’s bondholding status in the firm is 
that the firm’s stock value is reduced by the 
magnitude of the bond. That is, stockholders 
will rationally reduce the firm’s stock price to 
reflect true economic pension obligations 
(Martin Feldstein and Randall Morck). Since 
underfunded economic pension liabilities 
represent approximately 25 percent of the 
firm’s equity value,” it is apparent that the 
implicit contract theory has rather dramatic 
consequences for stockmarket value. Put 
another way, stock traders who have infor- 
mation about firms’ true economic liabilities 
can make large amounts of money by trading 
with investors who fail to “see through” 
reported pension liabilities. 


II. Concluding Remarks 


In this paper, an economic model of pen- 
sion liabilities was developed. The competing 
legal and implicit contract theories of pen- 
sions were derived from the model and em- 
pirical tests to distinguish the theories were 
developed. The empirical tests strongly sup- 
port the implicit contract theory and con- 
tradict the legal theory. The firm appears to 
have an implicit contract with its workers 
that it will pay workers a real pension upon 
their retirement from the firm. As such, 


?3 The derivation of true economic liabilities based on 
the implicit contract theory, together with funding dis- 
tributions which are representative of the post-World 
War II period can be found in my 1985c article. 

24This statistic is based on comparison of equity 
value and true economic underfunded pension liabilities 
for a random sample of firms in the Compustat data 
files. 
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workers begin to make sizable deposits into 
the pension plan early in the tenure cycle. 
The results support the notion that pensions 
create strong worker-firm attachments: pre- 
mature departure from the firm imposes large 
capital losses upon workers. The same re- 
sults, however, also lead to the conclusion 
that pension plans are significantly under- 
funded; economic funding ratios in the 
United States have persisted in the range of 
70 percent throughout the post-World War 
II period. As such, the results confirm the 
authenticity of a puzzle: given the tax incen- 
tives to fully fund a tax-free savings account, 
why are pension plans underfunded? 

By underfunding its pension plan, the firm 
makes its employees long-term unsecured 
bondholders in the firm. Such contracts could 
be optimal if workers have better informa- 
tion about the capabilities of the firm com- 
pared to outside lenders, But there is no 
reason to believe that workers better un- 
derstand the financial viability of the firm 
than outside lenders who specialize in such 
evaluations. Moreover, to the extent that such 
employee loans to the firm represent sub- 
stantial portions of their wealth, they. would 
presumably require a higher risk premium 
than diversified outside lenders. Why would 
the firm presumably pay such a risk pre- 
mium to engage in long-term lending ar- 
rangements with its employees rather than 
outside lenders? 

A natural explanation for the contract lies 
in the control over the firm held by em- 
ployees that is unique to them as a group. As 
a group, workers can substantially affect pro- 
ductivity and wage levels in the firm; hence, 
they can influence the financial viability of 
the firm over the long run. Outside lenders 
presumably cannot set conditions that would 
preclude adverse productivity actions by em- 
ployees. The firm can arrange its pension 
tules to discourage poor performance by em- 
ployees individually (see Lazear, 1982; my 
1985a study), But when workers collude 
through a union, productivity and wages are 
more difficult to control. 

The idea that it is efficient for the firm to 
make unionized workers bondholders in the 
firm is pursued more fully elsewhere (see my 
1985d article). While those results are in- 
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deed consistent with this hypothesis, it is 
premature to say whether this idea or others 
will lead to a solution of the underfunding 
riddle. But whether it can be successfully 
solved or not, the evidence presented here 
strongly suggests that true economic pen- 
sion liabilities are significantly higher than 
reported liabilities found in most publicly 
disclosed statements, sufficiently higher, in 
fact, to provoke a reconsideration of the 
fundamental nature of the worker-firm rela- 
tionship. 
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Rationing without Government: 
The West Coast Gas Famine of 1920 


By ALAN L. OLMSTEAD AND PAUL RHODE* 


Why is it that for a century and more 
before 1971, there were no energy crises, 
-no gasoline shortages, no problems 
about fuel oil—except during World 
War II? There is an energy crisis, there 
are gasoline lines, for one reason and 
one reason only. Because the govern- 
ment has decreed that there shall be. 

Milton Friedman [1979, p. 70] 


The lesson is simple—without government 
bungling there would never be “shortages” 
or gas lines because prices would freely rise 
to clear the market. Many economists, in- 
cluding Friedman, have popularized this 
view, but there is a problem. In the spring 
and summer of 1920 a serious gasoline famine 
crippled the entire West Coast, shutting down 
businesses and threatening vital services. 
Motorists endured hour-long lines to receive 
2-gallon rations, and, in many localities, fuel 
was unavailable for as long as a week at a 
time. This general situation continued for 
over four months, which is about as long as 
the 1973 and 1979 shortages lasted. 

The troubling aspect of the 1920 crisis 
is that despite the outward indications 
of government intervention—priority users, 


*Director, Agricultural History Center and Professor 
of Economics, University of California, Davis, CA 
95616, and graduate student in economics, Stanford 
University, Stanford, CA 94305, respectively. We have 
benefited from discussions and correspondence with M. 
Adler, J. Bender, R. Castanias, A. D. Chandler, Jr., V. 
Goldberg, P. Lindert, D. McCloskey, D. North, J. Pratt, 
K. Sokoloff, S. Sheffrin, J. Shideler, G. Stigler, G. 
Walton, and G. White. We also acknowledge the com- 
ments of seminar participants at UC Berkeley, Stanford 
University, UCLA, UC Santa Cruz, American Univer- 
sity, and the University of Chicago. Finally, we have 
gained valuable insights from John Abel of the Union 
Oil Company and R. G. Follis, D. B. Willmer, and 
W. D. Hermann of the Standard Oil Company. 
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two-tier pricing, ration cards, and quality 
deterioration—there were no government 
price controls or rationing programs. During 
one of the most rapid inflations in American 
history, western oil marketers voluntarily 
suppressed price advances and, instead, 
created and administered a complex allo- 
cation scheme. Thus, the beliefs that there 
were no energy shortages in the United States 
before the 1970’s and that large-scale ration- 
ing requires government price controls are 
clearly wrong. Two intriguing questions arise: 
why did private entrepreneurs choose non- 
price rationing, and, given that some busi- 
nessmen opted to ration, why did the market 
allow them to succeed? 

To shed light on these issues we will 
analyze the extent of the shortage, the nature 
of the rationing program, and the structure 
of the petroleum industry. We argue that 
regional isolation, industry concentration, 
and the vertical integration of the larger firms 
made rationing possible. In the absence of 
laws requiring rationing or setting prices, we 
focus on the hypothesis that the oil compa- 
nies held prices down because they were 
afraid of hostile government actions. 


I. An Overview of the Period 


In late 1919 and early 1920, the petroleum 
market tightened nationwide as oil demand, 
fired by the postwar business expansion, 
soared. Domestic consumption jumped 25 
percent in 1920, outstripping record domes- 
tic production and driving the real price of 
crude to levels unmatched over the next fifty 
years. On the West Coast, a separate oil 
market dominated by Standard Oil of Cali- 
fornia (SOCal), crude’s real price doubled ` 
during 1920. As in the 1970’s, government 
and industry experts predicted an imminent 
decline in U.S. oil production, and the ex- 
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haustion of domestic reserves within a gener- 
ation. 

In early April 1920, SOCal began urging 
motorists to “buy as little gasoline as possi- 
ble,” and soon thereafter gasoline lines, 
empty stations, stranded autos, and idled 
tractors became a common sight in rural 
areas.” These initial spot shortages, due in 
part to a wildcat railroad strike, grew quickly 
into a severe gasoline famine, engulfing the 
entire West Coast for the coming four 
months. As the situation worsened in late 
May, the major oil companies jointly forged 
a rationing program for all of California, 
designed to cut consumption by 15 percent. 
Their intent was to maintain supplies at his- 
toric levels to “essential users” and force 
“nonessential” consumers to bear the entire 
shortfall. Farmers, doctors, police, and busi- 
nesses dealing in perishables would receive 
special priority while personal automobiles 
would be sold no more than 5 gallons at a 
time if fuel was available. Since “pleasure 
cars” consumed about 30 percent of the 
gasoline sold, the rationing program cut their 
allotment in half. Neither federal nor Cali- 
fornia state officials participated in creating 
or policing the rationing program. In Oregon 
and Washington, far more restrictive plans 
were imposed.’ 

Company sales representatives and special 
community boards usually decided alloca- 
tion details given these general guidelines. 
Local officials often imposed Draconian 
measures. For instance, authorities in We- 
natchee, Washington, grounded almost 100 
automobiles after spotting them late one 
Saturday night “on pleasure bent.” Police 
ordered distributors not to serve these 
“joyriders” for the duration of the shortage. 
Seattle police began arresting drivers who 
left their parked vehicles idling. Everywhere, 


1U.S. Geological Survey (USGS) Mineral Resources 
... 1921 (1924, pp. 253-54);... 1922 (1925, pp. 261-63). 

2For example see S.F. Chronicle, April 10, 1920; 
Sacramento Union, April 18, 1920 and May 17, 1920. 

3For example see Standard Oil Bulletin, July 1920, p. 
7; Sacramento Union, May 23, 26, 1920; L.A. Times, 
May 26, 1920. 
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individuals caught hoarding or using their 
privileged status to earn black market profits 
were cut off and even prosecuted. Many lo- 
calities issued ration cards, and most major | 
cities seriously considered it. In early June, 
oilmen encouraged Los Angeles officials to 
implement card rationing, but civic leaders 
instead enacted a program that set aside 
special stations for key segments of the busi- 
ness community. Hollywood, for example, 
had one station exclusively for the movie 
industrv.4 

Gas station owners were hassled by irate 
customers, traffic jams, and erratic work 
schedules. On July 2 in Oakland, California, 
150 cars queued at one station impeding 
traffic over a four-block area. On July 16, 
Standard’s stations in Long Beach relaxed 
restrictions so that after 2:00 P.M., all cars (as 
opposed to only commercial vehicles) could 
buy up to 2 gallons. This caused such a jam 
that “it was necessary for the assistant spe- 
cial agent to spend two hours in keeping the 
traffic from blocking the streets” (SOCal 
“Daily Reports, July 1920”). Drivers in the 
Pacific Northwest endured 2-gallon rations 
for several months, and even with these limits 
stations often closed by 9:00 A.M. In San 
Francisco, gunplay erupted in a dispute over 
ration entitlements.’ Clearly, the decision to 
fix prices caused enormous headaches for oil 
company personnel from executives down to 
station attendants. 

Holcing prices down did not prevent pub- 
lic unrest. The press and many business 
groups declared open season on the oil 
companies, claiming that the shortage was 
contrived. Rumors circulated accusing the 
leading firms of hiding oil in remote storage 
facilities, exporting massive quantities of 
gasoline, and preparing for enormous price 
hikes. Farmers and automobile dealers cam- 
paigned to make gasoline a public utility and 
to end exports, even to neighboring states. 
“Beggar thy Neighbor” policies gained ad- 
herents. The Los Angeles Examiner (July 14, 


4Seatule Daily News, June 4, 7, 1920; L.A. Times, 
June 2, 13, 1920. 

5S. F. Examiner, July 3, 1920; S.F. Chronicle, July 8, 
1920. 
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` 1920) called on SOCal to abrogate its con- 
tracts to supply the Hawaiian Islands, and in 
Turlock, California, the Board of Trade de- 
manded that the oil companies cease de- 
liveries to local Japanese farmers. Indepen- 
dent station owners and garage operators 
complained bitterly that the majors were at- 
tempting to force them out of business.® 

On July 9, the Los Angeles Times reported 
the unbelievable: John D. Rockefeller, Jr., 
had to cut short his southern California va- 
cation because “he cannot buy gas.” He was 
not alone. In early July, cities from Seattle to 
San Diego came to a near standstill. Even in 
oil-rich Los Angeles, boulevards normally 
choked by traffic were empty. The sole 
consolation was that the traffic accident rate 
had plummeted to one-tenth of normal. In 
late July, the situation took a dramatic turn. 
Union Oil and a number of small inde- 
pendents began importing large quantities 
of midcontinent gasoline directly into Los 
Angeles, using the high cost of these imports 
to justify sharp price increases. The progress 
of the special relief trains became front page 
news as the end of the famine finally came 
` within sight.” But the lines and rationing did 
not disappear completely until the end of 
August 1920 after the flood of imports, price 
increases, and a sharp midyear downturn in 
economic activity brought a return to nor- 
malcy. 


I. Consumption, Production, and Prices 


A vigorous postwar business expansion led 
by a virtual explosion in automobile sales 
pushed gasoline consumption to unprece- 
dented levels. During the first six months of 
1920, SOCal sold 70 percent more gasoline 
in its western market than it had sold during 
a similar period in 1918 without significantly 
changing its market share. In line with na- 
tional trends, the stock of passenger cars and 
trucks on the Pacific Coast jumped from 


€SOCal “Daily Reports, July 1920”; L.A. Times, 
June 7, 1920. 

7Earl Welty and Frank Taylor (1958, pp. 135-36); 
Mining and Oil Bulletin (Los Angeles), August 1920, 
530-32. 
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about 620,000 vehicles on December 31, 1918, 
to over 906,000 on December 31, 1920. By 
1920, there was one auto for every six Cali- 
fornians. The number of tractors almost dou- 
bled in the eighteen months preceding June 
1920. In addition, a severe regional drought 
in 1919-20 shocked the demand for gasoline 
outward. The dry weather encouraged winter 
motoring far above the normal rates, and 
caused a drastic shortage of surface water 
and hydroelectric power, forcing farmers to 
shift to gasoline pumps. The oil companies 
repeatedly asserted that this prevented them 
from replenishing their stocks over the winter. 
It also created a crisis atmosphere that un- 
doubtedly contributed to the decision to ra- 
tion fuel.’ 

A scarcity of crude prevented gasoline 
production from keeping pace with soaring 
consumption. In 1919 and 1920, crude out- 
put in California increased by less than 3 
percent a year, one-fourth the national 
growth rate. The East Coast also had cheap 
access to a growing flow of Mexican crude.” 
Figure 1 shows quarterly production and 
refinery stocks of gasoline. In contrast to the 
general upward trend of the period, Cali- 
fornia production in 1919 actually fell nearly 
4 percent. Gasoline output remained con- 
stant in early 1920 before rapidly rising in 
midsummer as several new fields opened. 
Refinery stocks plummeted from a level of 
about two months’ production in early 1918 
to less than two weeks’ output in early 1920. 
A headlong fall in SOCal’s inventories 
accounted for 95 percent of the drop in 
California refinery stocks during 1919. By 
contrast, national production steadily in- 
creased and stocks followed the normal 
cyclical pattern, rising in the winter and fall- 
ing in the summer. The national reserve ratio 
never approached levels as low as those pre- 
vailing in California in 1920. To supply 
their western customers, both SOCal and 


8Standard Oil Bulletin, July 1920, p. 6; [Bureau of 
Foreign and Domestic Commerce], U.S. Department of 
Commerce, Commercial Survey of the Pacific Southwest 
(Washington: USGPO, 1930, p. 358). 

9USGS, Mineral Resources... 1921 (pp. 260-61; 
309). 
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FIGURE 1. GASOLINE PRODUCTION STOCKS 


Source: G. R. Hopkins (1927, pp. 50-53; 92-95). 


Note: Gasoline Production and Stocks include other naphthas such as engine distillate. 


Union restructured their normal marketing 
patterns by restricting foreign exports and 
altering their product mix in favor of gaso- 
line. In addition, they imported unprece- 
dented quantities of fuel from across the 
Rockies. For example, SOCal normally sup- 
plied its entire western market from Cali- 
fornia fields, but, in late 1919 and 1920, 
more than one-third of its gasoline was im- 
ported. An inability to obtain tank cars pre- 
vented SOCal from bringing iń substantially 
more fuel.!° 


10In the spring and summer of 1920, SOCai’s Traffic 
Manager, S. G. Casad, searched the country for spare 
cars taking “every tank car I could secure, regardless of 
the price...” (letter to H. M. Storey, Vice-President, 
SOCal, September 17, 1920, Box 120808; Sales Depart- 
ment, “Annual Reports, 1891-1922,” p. 31, typed ms., 


The —nost striking aspect of the crisis is the 
absence of price increases during a period of 
rapid inflation. Figure 2 graphs nominal re- 
tail prizes for gasoline from 1917 to 1921 in 
San Francisco and in representative eastern 
points. Between August 1918 and July 1920, 
San Francisco prices advanced only twice. 
On June 10, 1919, SOCal raised its price one 
cent te 21.5 cents per gallon, and on March 
17, 1920, it raised its price to 23.5 cents. In 
both instances, other marketers followed im- 
mediately. During the famine, despite per- 
sistent accounts of isolated stations selling 


Box 120762, SOCal Archives; Union Oil had similar 
problems (see their “Report of the Manufacturing De- 
partmert, 1920,” Appendix B, Refinery Operations, p. 
16, typed ms.). 
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FIGURE 2. NOMINAL RETAIL PRICES FOR GASOLINE IN SAN FRANCISCO, 
New YORK, AND CHICAGO 


Source: Compiled from National Petroleum News, 1916-1921. 


gasoline for as much as a dollar a gallon, the 
price generally held firm. SOCal aggressively 
enforced a uniform policy among its re- 
tailers, cutting off fuel to those who over- 
charged or adulterated the product.’ Not 
until . mid-July did a few small refiner- 
marketers in Los Angeles finally break with 
SOCal. Some increased their prices by 7 
cents, but the gas lines at their pumps re- 
mained. On July 24, Shell Oil followed inde- 
pendents, and over the next ten days, Union 
Oil inched its price up to 27 cents. SOCal 
waited until August 6 to match Union’s ad- 
vances. This was the first break with SOCal’s 
price leadership in the gasoline market since 
1915.1? 

Even these price increases confound the 
logic of microeconomics. Union Oil raised its 
price 3.5 cents only after it had embarked on 
a massive campaign to import gasoline from 
Oklahoma and Texas, where the retail price 


L.A. Times, July 23, 1920. As an example: “a 
dealer at Caruthers recently raised his price... from $.25 
to $.30 per gallon, but was informed that no further 
deliveries would be made to him unless the market price 
was adhered to. This he agreed to” SOCal “Daily Re- 
ports, July 1920.” 

FTC (1922, Part II, pp. 65-70; 256-57). 


was a full 7 cents above that prevailing in 
Los Angeles. Standard followed a similar 
policy, charging an “average” price for the 
“mix” of local supplies and expensive im- 
ports. The private sector even invented two- 
tiered pricing systems. As one example, in 
the San Joaquin Valley, a motorist could 
purchase 3 gallons at 24.5 cents up-to 9:00 
A.M., and after that an unlimited amount at 
35 cents a gallon. “The first was the local 
product at the old price, the last. the im- 
ported fuel at the new figure.” ? 

The rigidity of western gas prices is in 
sharp contrast to national trends. Between 
June 1919 and June 1920, the national cost- 
of-living index jumped 23.5 percent and then 
plummeted after June 1920. When SOCal 
was formulating its rationing program, her 
zastern sisters showed little reluctance to 
fetch what the market would bear. The ab- 
sence of price increases on the West Coast is 
more remarkable given that western markets 
were far tighter than those in the East. Fur- 


sacramento Bee, August 4, 1920. Similar systems 
with price differentials up to 30 cents a gallon between 
the “old” and “new” gas emerged at several locations in 
the Pacific Northwest (SOCal “Daily Reports, July 
1920”). 
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TABLE 1— WEST COAST PETROLEUM INCUSTRY STRUCTURE 
(PERCENTAGE SHARES OF LEADING FIRMS) 
Ownership of California California West Coast 
Proven Oil Crude Oil Refinery Gasoline 
Acreage Production Output Sales 
March 1, 1920 1919 Jan.—June 1919 1919? 
0) (2) G3) (4) 
SoCal 10.9 25.5 47.6 55 
Union Oil 10.0 8.6 16.5 20 
Associated 
Oil-Southern 
Pacific 30.6 18.2 9.2 11 
Shell Oil 3.1 6.6 10.1 4 
Top 4 Firms 54.6 58.6 83.6 90 








Sources: Col. 1: FTC, Pacific Coast Petroleum Industry; Part I: Production, Ownership, 
and Profits (1921, p. 45) (hereafter cited FTC, Pt. I): Col. 2: FTC, Pt. I (p. 64); Col. 3: 
FTC, Pt. I (p. 178); Col. 4: FTC, Pacific Coast Petrcleum Industry; Part II: Prices and 
Competitive Conditions (1922, p. 58) and FTC, “Tompanies’ Replies to the Dyer 
Resolution Questionnaire,” Record Group 122, Boxes 3317-45. 

*The shares of the domestic market can only be roughly approximated because no 
precise estimates of total sales on the West Coast are available for this period. Although 
the existing data on small marketing companies are incomplete, and do not satisfactorily 
distinguish between export and domestic sales, we can reasonably approximate their 
contribution. The figures presented for the four largest firms accurately reflect their 


relative sizes but probably understate their shares in total domestic sales. 


thermore, California gasoline prices fell out 
of line with local crude prices. While the real 
price of light crude doubled in 1920, the real 
price of gasoline climbed only 20 percent. In 
fact, in the twelve months before lines ap- 
peared, the real price of gasoline fell almost 
10 percent. 


HI. Market Structure 


Market structure and institutions restrain- 
ing competition helped make rationing possi- 
ble. SOCal was, by far, the leading firm in 
the West. In this separate market, encom- 
passing Arizona, California, Nevada, Oregon, 
and Washington, other Standard Oil compa- 
nies refused to compete. Powerful geographic 
forces insulated the region as transportation 
costs between the midcontinent fields and 
the coast typically exceeded normal price 
differentials. Table 1 offers a view of the 
extent of the concentration and vertical in- 
tegration of the West Coast petroleum in- 
dustry. In 1919 four firms (Standard, Union, 
Associated, and Shell) produced roughly 59 
percent of the crude oil and sold about 90 


percent of the gasoline. SOCal headed the 
list, selling over one-half of the region’s 
gasoline. Relative to national standards these 
firms were highly integrated, controlling 
much of their business from ownership of 
producing lands, to refining and transport, 
to rapidly growing networks of service 
stations.! In 1920, marketers exerted far 
more control over retail pricing than is possi- 
ble <oday. As an example, Standard Oil’s 
executives dictated prices for each locality, 
which all distributors, including independent 
garazes, charged or risked being suspended. 
Between 1915 and 1920, the West Coast 
petroleum market closely approximated the 
textbook price-leadership model. Since 1915, 
SOCal had initiated almost every gasoline 
price change. Private institutional arrange- 
ments helped maintain price stability. Gal- 
vanized by intense gas wars in 1915, most 


14Gerald White (1962, pp. 486-519, 541-63); FTC 
(1921, Part I, pp. 42-65; 202-07, and 1922, Part II, pp. 
30-74). 
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independents joined the Independent Petro- 
leum Marketers Association, and formally 
agreed not to undercut Standard Oil’s retail 
gasoline price. Such understandings were 
strengthened by the almost universal practice 
of naming Standard Oil’s posted price for 
crude, as of the date of future delivery, as the 
contract price. Even W. L. Stewart, presi- 
dent of Union Oil, found adhering to 
Standard Oil’s prices “natural and unavoid- 
able” (Gerald White, p. 497). 

The industry’s concentration, the central- 
ized control over retail pricing, and the tra- 
dition of abiding by SOCal’s prices pro- 
vided an environment in which private 
rationing might succeed. Vertical integra- 
tion and high profit levels allowed wide 
room for discretionary actions. SOCal’s his- 
toric role as price setter probably created 
some initial bureaucratic inertia as other 
companies waited for SOCal to take the lead. 
While prices languished below market-clear- 
ing levels, the region’s isolation and its pre- 
existing distribution system prevented the 
rapid entry of outside producers. 


IV. Did Government Pressure Firms to Ration? 


Why did the oil companies suppress prices 
in the first place? Explanations suggested 
by conventional economic thought and by 
observers of the period fail to provide a 
convincing answer. One set of hypotheses 
holds that nonprice rationing was consistent 
with short-run profit-maximizing behavior for 
at least some firms. In 1920, many observers 
accused SOCal of suppressing prices to 
squeeze out competitors. But these charges 
make little sense, because nothing prevented 
small firms from raising prices and because 
the wide margin between SOCal’s price and 
what consumers were willing to pay created 
profitable opportunities for entry. Further- 
more, SOCal continued its pricing policy long 
after it was clear that 1920 would show rec- 
ord profits for almost everyone in the 
industry. In addition, internal company 
documents show that SOCal was in general 


SETC (1922, Part Il, pp. 5-13, 30-31, 75-126, 135). 
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exceptionally fair in maintaining deliveries to 
independent distributors even when its own 
stations had short supplies.1° 

Another class of hypotheses involves the 
possibility of adverse and costly government 
actions. Government price controls ended in 
late 1918, and wartime authorities never offi- 
cially restricted gasoline use on the West 
Coast. In the absence of explicit laws, the oil 
companies may have feared hostile responses 
from independent bureaucrats or from spe- 
cial interest groups, which might have led 
to unfavorable government action.” This 
variant of the “government” hypothesis rep- 
resents a major methodological retreat be- 
cause it is probably impossible to test. While 
fear surely can be a potent economic force, it 
is inherently subjective. By assigning agents 
with the appropriate expectations or conjec- 
tures, one can explain almost any action as a 
consequence of rational calculation without 
gaining much understanding of it. Why would 
government threats work in this instance and 
rot in others, when robust market forces 
make such threats and even laws ineffective? 
To assess the fear-of-government hypothesis, 
we will examine the general trend in in- 
dustry-government relations, and ask how 
other firms behaved when faced with similar 
circumstances. 

The oil industry emerged from the war 
with a lingering spirit of cooperation and 
with vastly improved relations with the 
federal government. Most wartime controls 
and industry boards were abolished shortly 
after the armistice (Gerald Nash, 1968, pp. 
33-39). As direct federal involvement ended, 
the threat of antitrust prosecution also di- 
minished significantly. On March 1, 1920, 
the Supreme Court issued its landmark “rule 
of reason” decision in the U.S. Steel case. 


16 For example see SOCal “Daily Reports, July 1920,” 
Box 120773, SOCal Archives: letter, H. D. Collier, to all 
district sales managers, May 19, 1920; Memo from 
E. D. Collier, “Gasoline Situation— Methods of Distri- 
bution,” June 29, 1920; typed chart showing “Basis of 
Gasoline Delivery as of July 15, 1920.” 

One contemporary observer espoused this view: 
“The reason for the failure of gasoline to advance... is 
a fear of the attitude of Washington” (National Petro- 
leum News, March 10, 1920, p. 103). 
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Some vestiges of the war did remain. Most 
important was the Lever Food Control Act, 
which had given the federal government 
broad powers to control prices and punish 
“profiteers.” Although this law was always 
on a shaky legal footing, the Justice Depart- 
ment used it to launch an “antiprofiteering” 
campaign in late 1919 (Eugene Rotwein, 
1945, p. 250). But the period’s rapid inflation 
indicates that the prospect of government 
prosecution did not paralyze many business- 
men. Given this, what special circumstances 
might have made western oilmen feel more 
threatened or more timid? 

In 1919 and 1920, there were several 
federal investigations affecting the West 
Coast petroleum industry. The first and most 
important of these was a Federal Trade 
Commission inquiry that began in July 1919 
in response to complaints made by Puget 
Sound shipping interests to Senator Miles 
Poindexter of Washington. While the FTC 
uncovered some instances of local collusion, 
it concluded that the “scarcity of crude, re- 
sulting from a steady growth of demand” 
adequately explained the higher prices and 
earnings between 1916 and 1920.1* There 
were no formal complaints, negotiated settle- 
ments, or concessions of any form. 

The major oil companies treated the ongo- 
ing investigation very seriously, but little evi- 
dence suggests that it tied their hands. In the 


spring of 1920, when the fear-of-government 


hypothesis implies that SOCal would be re- 
treating on all fronts, the company embarked 
on an aggressive merger bid to take over 
Midwest Refining, the largest oil company in 
the Rockies. SOCal’s leaders decided to pro- 
ceed with the clear expectation that this 
would invite serious legal problems. We also 
know that during the height of the famine 
SOCal’s president, Kenneth Kingsbury, was 
not overly fearful, because he wrote to the 
FTC requesting an early release of the 
agency’s findings “as a matter of justice.” 1? 


18 White (pp. 552-57); FTC (1921, Part I, pp. 14-15). 
1980Cal Archives, letter, K. R. Kingsbury to FTC 
Commissioner N. B. Gaskill, July 20, 1920, Box 120801. 
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SOCal’s officials hoped that the report would 
allay the suspicions of a hostile public.”° 

An examination of other FTC activities 
considerably strengthens this interpretation. 
In April 1920, the FTC investigated the 
nationwide March price increases. While the 
inquiry was in progress, eastern oil com- 
panies advanced gasoline prices again. On 
June 1, 1920, the FTC concluded that the 
recent price increases were more likely due 
to “varying conditions of supply and de- 
mand. ..than to a combination in restraint of 
trade” and that the oilmen’s explanations 
had “substantial force.”* It would be hard 
to imagine a less threatening outcome, and 
shortly after its release, gas prices advanced 
yet again in eastern markets. 

The U.S. Department of Justice also kept 
a close eye on the oil industry, again without 
any formal consequences. The first flurry of 
activity grew out of the same charges that 
exercised Poindexter in July 1919. The De- 
partment irritated the oil industry by pub- 
licizing the shippers’ charges in hopes of 
drawirg out complaints that others might 
harbor. But as the facts became known, the 
investigation simply slipped from view. This 
set the pattern for subsequent Justice De- 
partment inquiries. Unlike the more thor- 
ough FTC studies, these investigations typi- 
cally became embroiled in the campaigns of 
the press and special interest groups against 
the oi! industry. With considerable justifica- 


_ tion, cilmen complained that they were being 


tried in the press and that the Justice De- 
partment pigeonholed favorable findings that 
would have lessened public hostility.” For 
all of the newspaper indictments, there was 
only cne prosecution. The heavy hand of the 
law came down on southern California gar- 
age owner Homer Smith. He allegedly prof- 
iteered by selling gas for $1.00 a gallon (over 
four times the going rate) to motorists who 
lined up at his pumps.” 


20S0Cal Archives, letter, Oscar Sutro to K. R. Kings- 
bury, June 25, 1920, Box 120875. . 

211J_S. House of Representatives (1920, pp. 55—56). 

2S. Department of Justice, “Classified Subjects,” 
and California Oil World, July 1; August 12, 1920. 

231A. Times, July 23, 1920. 
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The Justice Department’s activities con- 
tinued through September 1920, but given 
the massive campaigns to import gas, it is 
hardly surprising that the ubiquitous claims 
of hidden storage facilities overflowing with 
gas proved illusory. Since the oil companies 
knew that the charges were absurd, they 
hardly seem a basis for a serious legal threat, 
although they undoubtedly created a public 
relations nightmare. It is noteworthy that the 
major inquiries came after rationing was in 
effect, and were.a consequence rather than a 
cause of the decision to ration. Although the 
Justice Department received numerous com- 
plaints about oil company policies in other 
parts of the country, there were no major 
prosecutions.’ 

A review of other government-industry re- 
lations at both the state and federal levels 
suggests that neither the formal legal en- 


vironment nor the actions of individual ` 


bureaucrats were sufficiently different from 
those prevailing in other regions at other 
times to explain why the oil companies in the 
West rationed in 1920. Investigations were a 
fact of life in the oil industry. Both before 
and after 1920, federal and state authorities 
subjected the industry to periodic scrutiny 
without inducing radical departures from the 
market. order. 

Most federal investigations resulted di- 
rectly from the attack of groups representing 
farmers, garage owners, auto dealers, and so 
on. Special interest group theory suggests 
that the oil companies might try to buy 
off a small group of politically dangerous 
customers at the expense of a larger un- 
organized population. Even if this were their 
intent, why would oilmen ration? A large 
body of economic thought suggests that, 
without assigning property rights to gas, the 


?4Tn late 1919, U.S. Attorney General Palmer made a 
number of accusations, threatened prosecutions, and 
arrested officials of the Transcontinental Oil Company 
in disputes over fuel oil price increases in the midwest- 
ern and southern markets. But the Transcontinental case 
was dismissed in January 1920, and this activity ap- 
parently did little to retard subsequent price increases 
that year (National Petroleum News, December 10, 1919, 
pp. 30, 75; December 17, 1919, pp. 27-28; December 
24, 1919, p. 88). 
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queueing and chaos accompanying nonprice 
rationing would dissipate the rents associ- 
ated with lower prices, gaining oilmen few 
friends (Yoram Barzel, 1974; Steven Cheung, 
1974). But the allocation program did trans- 
fer entitlements to specific users. Station op- 
erators often reserved supplies for “estab- 
lished accounts,” refusing to serve new 
buyers, and, more important, oil companies 
delivered a large percentage of gasoline in 
bulk to commercial and agricultural users. 

The oil companies did not follow a con- 
sistent policy if their objective was to buy off 
one or another group—farmers were among 
the most favored. But this privileged status 
came only after weeks of crop-threatening 
shortages. Despite the subsequent efforts to 
supply the countryside, many farmers could 
not carry out normal operations for several 
months. Furthermore, as a result of explicit 
policies to increase gasoline supplies, the oil 
companies cut deeply into the production of 
engine distillate, the low-cost tractor fuel. 
SOCal, amidst an uproar of complaints, 
urged farmers and other users of distillate to 
convert their engines to burn kerosene. More 
generally, it is hard to see why the threats of 
special interest groups were more serious on 
the West Coast in 1920 than at other times 
or in other regions. Nor is there any indica- 
tion that oilmen viewed the allocation scheme 
in such narrow political terms. 

Neat explanations viewing firm behavior 
as a calculated response to the activities of 
self-interested government bureaucrats or 
special interest groups are clearly wanting. 
This is not to say that the companies were 
unconcerned with an adverse political fall- 
cut. Our reading of the events suggests a 
different conceptual framework in which 
these forces operated. Significant increases in 
the relative price of a good, particularly if it 
is a “necessity,” often provoke howls. (James 
Buchanan and T. N. Tideman, 1974). These 
usually fall on the deaf ears of the compet- 
itive marketplace. But highly visible firms 
had problems, especially if the price in- 
creases could not be justified by unavoidable 
rises in input costs, and instead led to sub- 
stantially higher profits. Eastern gasoline 
marketers, who bought most of their crude 
from other firms, could attribute their price 
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advances to higher costs, but the integrated 
western firms could not offer this excuse. 
Internal documents show that SOCal’s 
leaders worried that their firm’s conspicuous 
position and enormous profits could make it 
“a target for socialistic or other hostile at- 
tack.” They were clearly concerned with their 
public image and tried to maintain the ap- 
pearance of being “fair.” ” 

Sensitivities to fairness and the willingness 
to accept the legitimacy of the market un- 
doubtedly vary over time and are influenced 
by recent experiences, education, and ideol- 
ogy. The perceived causes of the shortage 
also contributed to the “logic” of rationing. 
To the extent that the gas famine was seen as 
the result of the drought (an act of nature) 
and the illegal railroad walkout (an act 
against society), it would be improper for a 
“bastion of capitalism” to exploit the situa- 
tion. The recent wartime experiences also 
strengthened the sentiment for nonprice ra- 
tioning as a patriotic way to deal with market 
adjustments. 

Paradoxically, the more severe shortfall in 
the West created a crisis atmosphere, making 
it more difficult to rely on the market. By the 
early spring a 2-to-3-cent price increase al- 
most certainly would not have cleared the 
market as it did in the East. Given existing 
interregional price differences, transportation 
difficulties, and reasonable guesses about de- 
mand elasticities, price increases of this mag- 
nitude would have done little to relieve the 
Situation in the short run. For SOCal to 
increase its prices a few cents without visibly 
solving the problem would have been seen as 
callously profiting from public misfortune 
instead of sharing the burden. To clear the 
market might have required up to a doubling 
of prices creating a cause célébre that any 
democratic government would find difficult 
to ignore. In the emotionally charged climate, 
movements for more extreme sanctions could 
have gained momentum especially if estab- 
lished avenues for discontent, such as federal 


25SQCal Archives, “Confidential Memorandum” 
drafted by Oscar Sutro, May 14, 1920, Box 120775, and 
Standard Oil Bulletin, July 1920. 


OLMSTEAD AND RHODE: GAS FAMINE OF 1920 1053 


inquiries, had been closed off. On several 
occasions oilmen actually sought and re- 
ceived the help of government officials to 
offset inflammatory rumors and newspaper 
accounts. Even if political institutions had 
been more favorable to oil companies, oil- 
men might have feared a fundamental change 
in the political environment brought on by a 
groundswell of hostility. 


VII. Conclusion 


Much of the reaction to the gasoline crises 
of the 1970’s sprang from the belief that such 
shortages had never before been experienced 
in peacetime. Beyond correcting this widely 
held view, a recounting of the 1920 shortage 
raises important questions about the conclu- 
sions drawn from the more recent past. Most 
analysis measures the actual events under a 
regulated regime against the counterfactual 
of the competitive marketplace. But in 1920 
a combination of economic, social, and polit- 
ical forces dulled the market’s response. 
Private firms, exhibiting an extraordinary 
amount of market power, voluntarily as- 
sumed a role normally attributed to govern- 
ments. Might similar forces have temporarily 
blunted market responses in the 1970’s in the 
absence of government controls? 

Our inquiry into why the leading oil com- 
panies decided to ration fails to produce a 
“smoking gun,” but our comparative analy- 
sis does suggest that there are inconsistencies 
in several versions of the government hy- 
pothesis. We have focused on the decision 
not to raise prices—after all, the standard 
paradigm views most shortages as market 
failures resulting from price controls. This 
led us to questions such as, were oil execu- 
tives afraid of future hostile government ac- 
tions, or, more basically, public hostility to 
price increases? But there is a different per- 
spective, one which we expect may have 
dominated oil company boardrooms. The ra- 
tioning program was framed to allocate 
resources that were becoming scarce to 
specific sets of users. Although there was 
squabbling as to who qualified at the mar- 
gin for favored treatment, the makeup of 
the intramarginal membership enjoyed wide- 
spread consent. For example, the granting of 
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preferential treatment to farmers whose crops 
needed harvesting was not open to question. 
The executives of the larger oil firms prob- 
ably shared this view, but in any case they 
understood it. Whether for reasons of social 
responsibility or out of a fear of hostile 
reactions, they designed administrative pro- 
grams to allocate supplies rather than trust- 
ing the marketplace. Again there was a con- 
sensus. We did not find any commentary in 
the printed medium or in firm records even 
suggesting that prices should be used to al- 
locate gas during the shortage. It was only in 
July, after the highly publicized relief trains 
arrived from Oklahoma, that some observers 
asked why higher prices had not been used 
to attract fuel imports earlier. 

According to SOCal’s past chairman, 
R. G. Follis, oilmen also viewed the purely 
_ economic consequences of a large, market- 
clearing price increase as detrimental to their 
long-run interest.” SOCal’s leaders saw their 
company’s prosperity as integrally tied to the 
economic development of the West, and they 
accepted considerable responsibility for pro- 
moting that development. Given this atti- 
tude, Follis thought that it would have been 
unwise to shock the economy with enormous 
fluctuations in oil prices. To encourage west- 
ern economic development and the rapid 
conversion to petroleum fuels, industry lead- 
ers thought it essential to assure agriculture 
and business a guaranteed supply of energy. 
The preference system had this explicit aim. 

The 1920 gas famine would be far less 
troubling if it were a single aberration, but it 
is not. Our cursory examination of the U.S. 
energy market has turned up two other cases 
of widespread private rationing—during the 
coal famine in the winter following the 1902 
miners’ strike and during the “hold-that- 
price” gasoline shortage of 1947 and 1948.?7 


6 Interview with R. G. Follis, San Francisco, October 
27, 1981. 

27When the market price of coal climbed to $8 or $9 
a ton in 1902, major distributors held firm at about $5. 
Newspapers reported widespread rationing during the 
bitterly cold winter. A few of the highlights noted in the 
New York Times are: “Men and women fought with one 


- another to get a chance to buy a beggarly pail of 
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These events deserve further inquiry. The 
analysis of instances where markets fail to 
work as anticipated should provide us with a 
better perspective of the robustness of our 
standard micro models, and help us under- 
stand the delicate interaction between eco- 
nomic, political, and ideological variables 
needed for accurate prediction. 


coal.... Hundreds had to be turned away.... No one 
person was permitted to purchase more than two pails” 
(December 10, 1902); “After taking one’s place in line it 
required about two hours of slow trudging and waiting 
before the coveted thirty pounds of fuel could be 
purchased” (December 11, 1902); “Bankers and Preach- 
ers Seize A Coal Train” (January 11, 1903). For a 
discussion of 1948, see Paul Giddens (1955, pp. 680-85); 
Harry Hansen and Powell Niland (1952, pp. 114-32); 
Henrietta Larson et al. (1971, pp. 664-85). 
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Monetary Policy Games and the Role of Private Information 


‘By MATTHEW B. CANZONERI* 


Consider the following scenario: monetary 
aggregates surge ahead of expected or tar- 
geted rates; the Fed claims that it is accom- 
modating a perceived increase in money de- 
mand in order to stabilize the price level; the 
private sector (or the administration, or Con- 
gress) counters that the Fed is running an 
inflationary policy to expand employment; a 
period of credibility building ensues, which 
may focus upon the personalities of. policy- 
makers, targeting procedures, or even pro- 
posals for legislative reform. A key element 
- in this scenario is that the private sector 
cannot verify the Fed’s claim; the Fed’s fore- 
cast of money demand is private informa- 
tion. 

A plausible explanation for such a scenario 
is that the Fed is involved in a noncooper- 
ative game with certain agents in the private 
sector, or with some other branch of govern- 
ment. Why else, for example, would the Fed 
seek to constrain its own behavior, with say a 
targeting procedure, unless it thought that 
this would bring a resolution to a credibility 
problem resulting from a noncooperative 
‘game.' And why does the Fed have a “credi- 
bility” problem, as opposed to an “informa- 


tion” problem; that is, why are its announce- . 


ments not accepted at face value?. 

A game suggested by Finn Kydinad’s and 
Edward Prescott (1977) has received con- 
siderable attention.” In this game, wage 


*Georgetown University, Washington, D.C. 20057. I 
thank R. Cooper, J. Friedman, E. Green, D. Henderson, 
B. McCallum, K. Rogoff, J. Taylor, and an anonymous 
referee for helpful comments; however, the views pre- 
sented here are my own. They are not necessarily shared 
by the Federal Reserve Board or any other member of 
its staff. 

‘Targeting money or interest rates is not likely to be 
efficient in terms of meeting final targets, see, for exam- 
ple, my 1977 article. This observation is the principal 
theme of Kenneth Rogoff (forthcoming). 

2See Robert Barro and David Gordon (1983a,b), 
John Taylor (1983), S. Green (1983), Rogoff, David 
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setters have to'specify the nominal wage in a 
labor contract before the Fed sets the money 
supply. The Fed wants a higher level of 
employment than the wage setters, but it is 
also inflation conscious. The wage setters 
know that the Fed will be tempted to inflate 
away some of their real wage, to achieve a 
higher level of employment, so they pur- 
posely set the wage high. The Fed weights its 
employment and inflation objectives, and 
only finds it optimal to inflate the real wage 
down to the level wanted by the wage setters. 
The noncooperative solution has an ineffi- 


` cient inflation bias, simply because the Fed 


has no credible way of precommitting itself 
to a noninflationary policy. Adding a sta- 
bilization role for monetary policy, and 
private information, the Kydland-Prescott 
game can be used to model the scenario 
outlined above. 

There are a variety of ways in which 
the noncooperative solution described above 
might be improved upon. Congress could 
legislate institutional reforms. It could legis- 
late a monetary policy rule directly, or it 
could constrain the behavior of the players 
by changing the rules of the game; wage-price 
guidelines and legislated targeting proce- 
dures are examples of the later. Earl Thomp- 
son (1981) and Kenneth Rogoff suggest 
changing the incentive structure for Fed 
policymakers, or simply choosing a policy- 
maker with “perverse” preferences. And 
Robert Barro and David Gordon (1983a) 
suggest that the players themselves may have 
already found a resolution to the problem in 
a reputation-building mechanism. 

An efficient resolution of the credibility 
problem must leave the Fed with the latitude 
to perform its stabilization role. Rogoff and 


Baccus and John Driffill (1985), and more generally, W 
Lee (1981). Edmund Phelps (1967) bad many of the 
elements of this game. 
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Barro and Gordon (1983a) discuss the 
tradeoff between flexibility, that is required 
for stabilization, and constraint, that is re- 
quired for a resolution of the credibility 
problem, but neither of their papers incor- 
porates private information. An efficient res- 
olution is much more difficult to achieve if 
the Fed’s forecast of money demand is in- 
deed private information. No stable resolu- 
tion of the credibility problem can rely on 
the Fed’s own announcement of its forecast 
if the Fed has an incentive to misrepresent; 
the resolution must be, in Leonid Hurwicz’s 
(1972) terminology, incentive compatible.? 

The present paper proceeds as follows. 
Section I outlines the Kydland-Prescott game 
in some detail and describes the modifi- 
cations necessary to give the Fed a stabi- 
lization role. The importance of private in- 
formation is highlighted. Without private 
information, John Taylor’s observations seem 
justified; resolutions of the precommitment 
problem would be too easy to come by for 
this game to be taken seriously as a real 
world problem. 

Section II reviews the work of Rogoff and 
Barro-Gordon (1983a) in the light of private 
information. Rogoff’s theory of the perverse 
policymaker may be less attractive in the 
presence of private information since the 
policymaker’s actions do not reveal his true 
preferences. However, the incentive com- 
patibility problem that results may afford a 
compelling explanation of the sometimes 
dramatic comings and goings of individual 
policymakers. The rest of Section II (and 
Section IIT) focuses exclusively on repeated- 
game solution concepts. In a repeated game, 
honest behavior in the present period can be 
make to yield rewards or expanded oppor- 
tunities in the next. Thus, there is an added 
strategic dimension; a player can invest in 
his reputation. Using James Friedman’s 
(1971) notion of reversionary periods, Barro- 
Gordon (1983a) develop a model that re- 


3This paper borrows heavily from Hurwicz, as does 
much of the recent contracting literature; see Robert 
Townsend (1982), Oliver Hart (1983), and the Quarterly 
Journal of Economics (suppl. 1983). 
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solves the credibility problem in the absence 
of private information. Their model falls 
apart if the Fed’s forecast of money demand 
is private, because wage setters cannot tell 
when the Fed has been honest. However, as 
Edward Green and Robert Porter (1984) have 
noted in a different context, this may be a 
blessing in disguise. The Friedman solution, 
like Regoff’s, is too stable to explain the 
episodic periods of breakdown that are actu- 
ally observed. A reformulation of the model 
accommodates private information and actu- 
ally predicts periodic bouts of inflation 
(thougk it would be inappropriate to think of 
these episodes as credibility breakdowns). It 
also suzgests that, despite these periodic dif- 
ficulties, the Fed and the wage setters may 
have already found a rather satisfactory reso- 
lution to the credibility problem. 

Section III discusses the legislative ap- 
proach in a more sophisticated way than was 
possible in Section I; the proper legislation 
can also make the Fed’s opportunities in 
future periods depend upon honest behavior 
in the present. There are monetary policy _ 
rules that produce a better game outcome 
(generally at some expense to the stabiliza- 
tion effort) and are incentive compatible, 
even if the Fed’s forecast of the money de- 
mand -s private information. These rules are, 
however, less intuitive than the typical sta- 
bilization rule; they are more easily moti- 
vated as the Féd’s optimal response to a 
congressionally mandated targeting proce- 
dure.* Various targeting procedures are con- 
sidered, some leaving the Fed with more 
latituce than others. Which is best depends 
on the Fed’s ability to predict money de- 
mand disturbances and on the importance 
society attaches to the benefits of stabiliza- 
tion relative to the costs of the inflation bias 
resulting from the noncooperative behavior 
of the players. Section IV summarizes the 
basic results of the paper and suggests where 
further résearch is needed. 


4They could also be motivated along the lines of 
Peel’s 3ank Act of 1844; see Axel Leijonhufvud’s 1982 
discussion of the Peel-Friedman system. 
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I. The Game and the Importance 
of Private Information 


Consider a wage contracting model like 
those of JoAnna Gray (1976) and Stanley. 
Fischer (1977a). The basic assumption of this 
model is that the nominal wage must be set 
in a labor contract prior to the setting of the 
money supply, and thus the realization of the 
price level. The wage is set at a level that is 
expected to clear the market. Later, during 
the contract period, firms learn the price 
from the output market, and the contract 
provides that they maximize profits; they 
hire along their marginal productivity curve. 
The output supply function can be ex- 
pressed as 


(1) y,=¥+O(p,-,), 


where y,, p,, and w, are the logs of output, 
the price level, and the contract wage; Y is 
the equilibrium rate of output, correspond- 
ing to the “natural” rate of employment. 

Wage setters want to achieve the equi- 
librium output y. Their utility can be repre- 
sented by® 


(2) UW,=-(p,-,)’ 
=—(1/0?)(y,- 5). 


Of course, p, is not known when the con- 
tract is made; the expected utility-maximiz- 
ing strategy for wage setters is thus 


(3) W,= PF, 


where př is the wage setters’ prediction of 
the price level that will obtain in the contract 
period. The wage setters’ play is, essentially, 
their prediction. 

Substituting (3) into (1) results in a familiar 
prediction error model of supply. Note also 


5This assumption has been criticized; see the ex- 
change between Barro and Fischer (1977b) and also D. 
Waldo (1981). 

Joshua Aizenman and Jacob Frenkel (1983) provide 
a rationale for this utility function. The analysis is 
simplified by abstracting from productivity dis- 
turbances; see Gray and Rogoff. 
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that (1) and (2) can be expressed in terms of 
inflation and expected inflation: 


(4) y= +O(p,- p?) = + O(a,— 277) 
(5) UW, = —(a,- 1%), 


where 7,= p,— P,., is the actual rate of 
inflation, and vf = pf — p,_, is expected in- 
flation. 

Equation (2) (or (5)) gives the wage setters’ 
utility. The Fed maximizes social utility, 
which is given by 


(6) US, = ~(y,- KPY -slm 7)’, 


where, k >1, and a* is the optimal rate of 
inflation. The rate of output sought by wage 
setters, y, is too small from a social point 
of view.’ This assumption can be motivated 
in several ways. My -1980 paper assumes 
that the labor market is dominated by 
large unions. The labor supply curve includes 
only union members, and wage setters’ be- 
havior systematically excludes other workers. 
By contrast, the social utility function in- 
cludes all workers. Barro and Gordon 
(1983a,b) have a different view. They assert 
that tax policy and unemployment com- 
pensation distort the labor supply and lead 
to a socially inefficient equilibrium. (Under 
this interpretation, equation (2) is a guide to 
wage setters’ behavior, but not a measure of 
their welfare.) Either view can be used to 
rationalize the conflict between (2) and (6) 
over optimal levels of the real wage, employ- 
ment, and output.’ The second term in the 
social utility function penalizes deviations 
from the optimal rate of inflation. In a less 


TIt is not necessary to specify conflicting utility func- 
tions in order to generate the time inconsistency on 
which this game rides; see Fischer (1980) and my forth- 
coming monograph with Dale Henderson for exposi- 
tions of the time consistency problem that are mathe- 
matically unencumbered. ; 

While the two views are equivalent for present pur- 
poses, they do have different implications for the first- 
best solution to the policy problem posed here. My 1980 
view suggests labor legislation, while Barro and Gordon’s 
(1983a,b) points to fiscal policy reform. 
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than fully indexed economy, inflation redis- 
tributes income from one group to-another 
and distorts incentives; in addition, there is 
seigniorage. Many factors go into the calcu- 
lation of w*; here, w* is rather cavalierly 
taken to be a regime independent constant. 

Some will prefer not to identify the Fed’s 
utility function (6) with social utility. In this 
view, (6) merely reflects the biases of Fed 
_ policymakers. It is sometimes asserted, for 
example, that macro policymakers have 
tended to underestimate how high the “natu- 
ral rate” of unemployment has actually been, 
and that while the “evils” of inflation are 
poorly documented, there is clearly a politi- 
cal mandate to sacrifice some employment 
and output to keep inflation in check. If this 
view of (6) and its conflict with (2) is adopted, 
the normative content of what follows must 
be appropriately reinterpreted. 

To explain the Fed’s interaction with the 
wage setters, the rest of the economic en- 
vironment must be modeled. This is done in 
the most rudimentary way; that is, control 
theoretic aspects are trivialized so as to focus 
upon game theoretic aspects. The model is 
closed with a simple quantity equation, 


(7) m,- P=); 


where m, is the log of the money supply. 
First differencing, (7) becomes 


(8) ET = 0, 


where g,=m,—m,_, is the growth rate of 
the money supply; g, is taken to be the Fed’s 
instrument. 

The basic structure of the precommitment 
problem should now be apparent. The wage 
setters must act first; this is an assumption of 
the contracting model. They must specify w, 
in labor contracts, not knowing what g, will 
‘be, but fully aware of the Fed’s motivations 
as embodied in the social utility function. 
The wage setters know that the Fed will be 
‘tempted to inflate away their real wage and 
achieve its higher output target, ky. The wage 
setters can make this strategy expensive for 
the Fed, in terms of its inflation goal, by 
Setting w, high in the first place; in fact, if 
they set w, high enough, the Fed will find it 
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optimal to give them their preferred real 
wage and output, y. This is the problem 
analyzed in my 1980 paper, and by Barro- 
Gordon (1983a), and by Kydland-Prescott 
before them. As they all point out, the non- 
cooperative solution to this game is ineffi- 
cient. If the Fed could somehow be credibly 
committed to setting g, equal to *, then 
wage setters would not feel compelled to set 
a high rate of wage inflation. Wage setters 
would still get their desired rate of output, y, 
but society would be spared the unnecessary 
inflation. 

The message so far is that the inefficiencies 
brought about by the conflict over output 
goals and the timing of players’ actions could 
be eliminated by tying the hands of the Fed. 
This would be the final message if there were 
no benefit to society from the Fed’s retaining 
a degree of flexibility. There is just such a 
benefit to society if the Fed can play a 
stabilization role. 

Suppose a stochastic disturbance is added 
to money demand in (7). If this disturbance 
follows a random walk, then (8) becomes 


(9) 8, 


where ô, is the white noise innovation. Sup- 
pose further that wage setters do not see 6, at 
the time they have to specify w,, but that the 
Fed does have 6, (or some forecast of it) 
when it sets g, More specifically, let ô, be 
decomposed into e, and €, 


(10) 


where e, is the Fed’s forecast of 6,, and e, is 
its forecast error. If the Fed is left with 
sufficient flexibility, it can accommodate e, 
before it passes on to prices and output; this 
benefits both wage setters and society as a 
whole. The problem now is one of trading off 
the flexibility needed for stabilization with 
the constraint required for eliminating the 
inflation bias; this problem is touched upon 
in Barro and Gordon (1983a), and it is the 
main subject of Rogoff. 

Two quite different information structures 
will be considered below, and it is conve- 
nient to be more explicit about them at this 
point. With “symmetric information,” both 


m, =ô, 


6,=e,+8,, 
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wage setters and the Fed are assumed to 
observe e, at the same time, though it is too 
late for the wage setters to incorporate this 
new information into the contract wage, w,. 
With “private information,” either the Fed 
has superior information that cannot be re- 
vealed or the policymaking process is such 
that the private sector cannot reconstruct the 
Fed’s forecast of money demand. At the end 
of the contract period, wage setters can 
calculate ô, from (9), for they will then ob- 
serve both g, and v, However, they cannot 
decompose ô, into e, and e,. The Fed’s fore- 
cast, e, is private information. 

Before going on, it is also convenient to 
express the players’ utility functions in terms 
of their actions, and to give a more formal 


description of the game. Using (9), the wage - 


setters’ utility function (5) can be expressed: 


(11) 


where gf is the wage setters’ prediction of 
the Fed’s action at the time they must set w,. 
In view of (3) and the fact that gf = rf, it 
should be clear that gf can be taken to be 
the wage setters’ action. Using (9) and (1), 
the social utility function (6) can be ex- 
pressed as 


e 2 
UW, = —(8,- 8; —6,) > 


e 2 
(12) UF =-(g,— gi -8,— y*) 


-= f(g,- ô — a), 


where UF, =US,/0°, f=s/0* and y*= 
(K—-1)¥/6; @y* is the difference between 
the players’ output goals. The game proceeds 
as follows: 1) wage setters form g/ on the 
basis of their knowledge of the Fed’s utility 
function and their expectation that ô, (and e, 
and e,) is zero. 2) The Fed sets g, to maxi- 
mize its expected value of UF, in (12), know- 
ing gf and its own forecast of 6,. 3) Ex post, 
wage setters observe ô, and if information is 
symmetric, they can decompose it into the 
Fed’s forecast, e, and the forecast error, ¢,. 
If the Fed’s forecast is private information, 
they cannot make this decomposition. 

The noncooperative solution can now be 
found by working backwards through the 


DECEMBER 1985 


sequence of decisions that the players have 
to make. First, maximize EUF, taking gf as 
a fixed parameter; the first-order condition 
gives the Fed’s decision rule as a function of 
the wage setters’ action, gf. Then take the 
expectation of the Fed’s decision rule (condi- 
tional on information available to the wage 
setters when they set w,) to find the wage 
setters’ utility-maximizing action, g/’"°. The 
resulting Noncooperative Solution is 


(13) graattet y*/f, 
aprem at + y*/f, 


y, = Y- be, m =a" + y*/f— E» 


EUF" =- (1+ f)? ~[1+(1/f)] y*?, 


EUW," = — o2. 


This is a Nash solution; neither player can 
expect to do better, given the strategy of the 
other. And the solution holds under either 
information structure; that is, one obtains 
the same noncooperative solution whether or 
not the Fed’s forecast of money demand is 
private information. 

Wage setters get exactly what they want in 
this solution. They set wage inflation high 
enough that the Fed is not tempted to try to 
achieve its higher output goal, and the Fed 
fully accommodates predictable money de- 
mand disturbances, stabilizing output to the 
fullest extent possible about the wage setters’ 
preferred rate. There is, of course, an infia- 
tion bias equal to y*/f. Society is left (on 
average) with a level of employment that is 
too low and a rate of inflation that is too 
high; as Barro-Gordon (1983b) and Rogoff 
point out, this is a model of stagflation. 

Now, it may be thought that the noncoop- 
erative solution just described is a rather 
silly, destructive situation for the Fed and 
the wage setters to allow themselves to fall 
into. The players have conflicting output 
goals, but the inflation bias benefits no one. 
An Ideal Solution would eliminate the infla- 
tion bias without changing the (average) rate 


VOL. 75 NO. 5 


of output; 


(14) 


Zo=a*te, ge = n*, 
y= ¥ be, 
EUFS = —(14+ f)o2- y**> EUF”, 


EUW; = EUW". 

Here, the Fed fully accommodates the pre- 
dictable part of the money demand, and it 
does not try to inflate away @y*. The solu- 
tion is efficient in the sense that no other set 
of strategies, g, and gf, can make one player 
better off without making the other worse 
off; thus the Ideal Solution can be thought of 
as a cooperative solution. (That is why the 
superscript c is used to identify it.) 

As Kydland and Prescott, Barro-Gordon 
(1983a), and my 1980 paper have all pointed 
out, the problem with this solution is that the 
Fed’s policy is time inconsistent. Once the 
wage setters have committed themselves to 

gS, gr will no longer be the Fed’s utility- 
maximizing action. Letting gf =* in (12), 
and maximizing EUF, with respect to g,, the 
best Cheating Solution for the Fed is 


(15) 


gr =atte,+ y*/(1tf), 
gee — n*, 

EUF" = EUF; + y**/(1+ f), 

yey): 


Wage setters cannot set w, on the expecta- 
tion that inflation will equal 7* and then 
count on the Fed to follow through with gf. 
The Fed will be tempted to inflate a little 
more than a*, lowering the real wage and 
inflating away some of @y*. Unless the Fed 
can be credibly precommitted to the ideal 
policy, wage setters will almost surely play 
noncooperative. 

Can the Fed be credibly committed to the 
ideal policy at the time that wage setters 
have to set w, in their contract? Views seem 
to differ as to whether this is a real world 


EUW" = EUW; — 
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problem. Taylor, commenting on Barro- 
Gordon (1983a,b), points out that society 
has found sensible ways out of other obvious 
time inconsistency problems; he cites the 
example of patent law. Taylor seems skep- 
tical that the Kydland-Prescott game really 
captures the credibility problem the Fed is 
generally thought to face. 

My own view is that Taylor would prob- 
ably be right were it not for private informa- 
tion. Absent private information, resolutions 
of the precommitment problem would be 
relatively easy to find. Suppose information 
is symmetric, and wage setters observe e, at 
the same time the Fed does. The Fed might 
be able to establish credibility in the ideal 
policy by simply running it for a number of 
periods. If wage setters actually observe e, 
each period, they can verify that the Fed is 
implementing the policy gf, and they might 
well be willing to go along.’ Alternatively, 
Congress could legislate the ideal policy rule 
and police the Fed’s adherence to it.!° 

If the Fed’s forecast of money demand is 
private information, a resolution of the pre- 
commitment problem is much more difficult 
to come by. If e, is not observed by the wage 
setters or Congress, then direct verification 
of the Fed’s adherence to the ideal policy 
rule is not possible. The Fed is often urged 
to announce a forecast, ef, at the time it sets 
g+ However, this would be of little use in the 
present context, for in the language of 
Hurwicz, the mechanism would not be incen- 
tive compatible; the Fed would have an in- 
centive to misrepresent its information.“ By 
letting its announcement ef be equal to the 
true forecast e,, plus y*/(1+ f), the Fed 


°Some experimental studies suggest that players may 
be willing to go along in this way; see Alvin Roth and 
Francoise Schoumaker (1983). 

10In a more realistic setting, the ideal policy rule 
could well be more complicated, but this should not in 
and of itself create a credibility problem. Credibility 
problems arise only when scope has been left for cheat- 
ing. 

11 Wage setters can tell if the Fed is telling the truth 
“on average,” for then the sum L(6, — ef) = Le, should 
tend to zero. If the relationship is an enduring one, and 
if utility is not discounted over time, then this approach 
might work. See Roy Radner (1981). 
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can make the cheating policy (15) look like 
the ideal policy; that is, g” =a*+e% 
Straightforward reputational or legislative 
approaches to the problem seem more likely 
to result in the scenario outlined in the intro- 
duction. The Fed sets a high g,, claiming to 
be accommodating an unexpectedly high 
money demand; the private sector charges 
that it is instead running an inflationary 
policy to expand output, and a credibility 
breakdown ensues. 

The results of this section may be sum- 
marized as follows. The Kydland-Prescott 
game of precommitment has a simple resolu- 
tion if there is no benefit to the Fed’s re- 
taining stabilization powers; the Fed’s hands 
should be tied with a k-percent rule. If the 
Fed can play a useful stabilization role, then 
an efficient resolution of the precommitment 
problem requires that the Fed should retain 
some flexibility. However, straightforward 
resolutions still exist if information is sym- 
metric; the Fed might be able to build a 
reputation for itself by simply running the 
ideal policy for a few periods, or Congress 
could legislate the ideal policy rule and po- 
lice the Fed’s adherence to it. If the Fed’s 
forecast of money demand is private infor- 
mation, then the Fed’s adherence to the ideal 
policy rule cannot be verified directly, and 
efficient resolutions of the precommitment 
problem are much more difficult to find. 


I. Adding Private Information to Rogoff 
and Barro-Gordon 


Rogoff and Barro-Gordon (1983a) discuss 
more sophisticated approaches to the pre- 
commitment problem. However, neither al- 
lows for private information. If the Fed’s 


forecast of money demand is private infor- - 


mation, both approaches yield more interest- 
ing interpretations of the credibility problem, 
but Rogoff’s does not offer a resolution and 
Barro-Gordon’s does not explain the scenario 
outlined in the introduction. 


A. The Perverse Policpmaker 
It is sometimes asserted that monetary 


policymakers have a conservative or anti- 
inflation bias, or that they have an unnatural 
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proclivity towards monetary targets. Rogoff 
suggests that this might be one of society’s 
ways of trying to improve upon the Nonco- 
operative Solution. Society may have found. 
that choosing a policymaker with preferences 
other than those expressed in (12) leads to a. 
noncooperative solution that is closer to the 
Ideal Solution. 

Suppose the Fed is run by a perverse 
policymaker with the utility function 


(16) UP, = —(2,-—37 -8,- y*y 
-ef (g 8-7). 


UP, puts more weight on inflation than UF, 
if ¢>1. The Noncooperative Solution with a 
Perverse Policymaker is 


(17) gr =n*+e, + y*/of, 


ge? = a+ y*/Of, 
EUP? = —(1+ of)o2-[1+(1/of)] »*?, 
EUF? = EUF; — y*?/¢?. 


The more perverse is the policymaker (i.e., 
the bigger is $), the closer is solution (17) to 
the optimal solution (14). The policymaker’s 
sensitivity to inflation allows the wage setters 
to get their way with less inflation. 

Here again, adding private information 
both complicates and enriches the model. If 
e, were directly observable at the end of the 
period, then wage setters could verify that 
the policy g? had indeed been implemented, 
and that UP, truly represented the policy- 
maker’s preferences, rather than UF,. The 
policymaker’s actions would reveal his pref- 
erences. 

If e, is private information, this is not 
possible. The policymaker could announce a 
forecast ef when he set g,, but once again 
the mechanism would not be incentive com- 
patible.!? To see this, suppose the policy- 
maker represents his preferences as UP, (with 
@>1), but actually his preferences are UF, 


12 Footnote 11 applies here as well. 
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Then, substituting gf = r*+ y*/of and g, 
=q*+ ef + y*/pf into (12) and maxi- 
mizing EUF, with respect to ef, the policy- 
makers optimal misrepresentation ef-— e, 
can be seen to be [(¢—1)/o0+ f)]y*. It 
can be shown that a marginal increase in } 
over unity will raise EUF, above EUF,”*, and 
lower EUW, below EW,”*. 

Thus a policymaker with true social pref- 
erences has an incentive to look conservative, 
and if the Fed’s forecast of money demand is 
private information, wage setters have no 
way of telling for sure. The policymaker’s 
actions and announcements will not reveal 
his actual preferences. The implications of 
this observation would appear to be twofold. 
The model may now provide a more plausi- 
ble interpretation of history; without private 
information (and some uncertainty about 
policymakers’ true preferences), Rogoff’s ap- 
proach to the credibility problem is too sta- 
ble to explain the comings and goings of 
individual policymakers, with all of the at- 
tendant hoopla, posturing, and changes in 
public perception. However, the very same 
instability that may help explain history also 
detracts from the appeal of this approach as 
a final resolution of the credibility problem. 

Rogoff does not consider private informa- 
tion, but he does offer an alternative inter- 
pretation of his formal analysis that may be 
helpful in addressing the issue. He suggests 
that the added weight on inflation in (16) 
may be viewed as a commitment to target- 
ing; in this case, the policymaker commits 
himself to targeting the inflation rate. Rogoff 
also suggests that the policymaker’s commit- 
ment should be enforced through a system of 
rewards and punishments; Congress, for ex- 
ample, might be able to achieve an institu- 
tional reform by legislating appropriate 
bureaucratic incentives. If Fed forecasts are 
indeed private information, then incentive 
compatibility is one consideration that will 
make the design of such a system of rewards 
and punishments more difficult, but the gen- 
eral approach seems worth pursuing. The 
targeting discussion in Section III may be 
viewed in this light. 

With this alternative interpretation, Rogoff 
also has a plausible explanation for the ex- 
istence of other forms of targeting. Suppose 
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the policymaker’s perversity is a penchant 
for targeting g, on 7*, so that 


(18) UP,=-(8,- 8-8,- y" 
-flg sy algat. 
In this case, the EUP, maximizing policy is 
(19) greatte 
+y*/(f +1), 


and r can be chosen to maximize EUF,. 
The size of r determines the tightness of 
the targeting procedure. Note that if +> 0, 
the policymaker will not try to fully accom- 
modate money demand disturbances. The 
choice of + must trade off the benefits of 
reducing the inflation bias with the costs of 
constraining the stabilization effort. The 
choice of } in the last example would in- 
volve a similar calculation if productivity 
disturbances were added to the model. Rogoff 
considers the relative merits of money, inter- 
est rate, inflation rate, and nominal income 
targeting, all in a much more interesting 
control setting than was practical here. 


B. A Reputation-Building Approach 


The credibility problem in the Kydland- 
Prescott game is one of precommitment; the 
Fed would like to be-able to promise the 
wage setters that it will run the ideal policy, 
and then have no reason for reneging on its 
promise later. Barro and Gordon show that 
Friedman’s solution concept for repeated 
games offers a resolution to this problem. 

Suppose the Fed and the wage setters have 
arrived at the following setup. Wage setters 
believe the Fed’s promise to run the ideal 
policy in the current period if the Fed did 
not renege on its promise last period. (As- 
sume for the moment that there is no private 
information.) If, however, the Fed reneged 
last period, then wage setters revert to their 
noncooperative wage settings this period; in 
subsequent periods, they again believe the 
Fed's promise, until shown otherwise. Barro 
and Gordon show that the wage setters are 
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not irrational in going along with this setup, 
because the Fed will never have an incentive 
to renege. 7 

To see this, note that the Fed’s paton 
to renege in period ¢ is measured by 


y+); 


while its reward in period ¢ +1 for not reneg- 
ing in period ż is 


(21) EUR = y?/f. 


Since the reward for honesty outweighs the 
temptation to cheat, it pays the Fed to invest 
in its reputation; it has no incentive to 
renege.!4 

‘There are two weaknesses in this resolu- 
tion of the credibility problem that can be 
dealt with in ways suggested by Green and 
Porter. (There are some others that are not 
so easily remedied; they will be discussed at 
the end of the section.) The first weakness is 


(20) EUF‘*" — EUF, = 


EUF 


that the Barro-Gordon solution is, like’ 


Rogoff’s, too stable. If taken literally, it im- 
plies that one should never expect to see 
reversions to inflationary periods. The sec- 
ond weakness is that if the Fed’s forecast of 
money demand is private information, then 
the wage setters can never know for sure 
when the Fed has reneged. The wage setters 
do not observe the Fed’s forecast at the end 
of the period, and as was shown in Section I, 
it would do no good to have the Fed an- 
nounce a forecast, for it would not be. be- 
lieved. 

The model can be reformulated to deal 
with both weaknesses as follows. The wage 
setters do see the money demand disturbance 


actually, Barro and Gordon (1983a) postulate a 
different utility function for the Fed, one that is linear 
(rather than quadratic) in the output term, and conse- 
quently, for them the Ideal Solution is not an achievable 
outcome. However, they can improve upon the Nonco- 
operative Solution. See also fn. 14. 

14 For simplicity, the Fed is assumed not to discount 
future utility. If future utility is heavily discounted, two 
or more reversionary periods might be required; if fu- 
ture utility is very heavily discounted, the approach may 
not work at all. See Friedman. 
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6, at the end of the period; they just can’t 
decompose it into the Fed’s forecast e,, and 
the residual e,. Thus, while it is not feasible 
to have the wage setters revert to their infla- 
tionary wage settings when g, is greater than 
gr=a*+e,, it is feasible to have a rever- 
sionary period triggered if g, is greater than 
q*+8, +8, where ë is some appropriately 
chosen constant. The probability of a rever- 
sion in period ¢ +1 is!5 


(22) P(g,—g/—#)=Prle,<g,-g/—é], 
where P(-) is the cumulative distribution 
function of the Fed’s forecast error, e,. If the 
Fed reneges and sets g, greater than gf, it 
increases the probability of a reversion in 
period ¢+1. Similarly, decreasing the con- 
stant € increases the probability of a rever- 
sion. Wage setters are not irrational in going 
along with this setup if @ is small enough 
that the Fed has no incentive to renege.'® 

The problem now is to find an € such that 
if the Fed considers raising g, marginally 
above gy, it will conclude that the expected 
gain in period ¢ is offset by the expected loss 
in | period t +1. Suppose g,_, was less than 
a*+6,_,+ 48 (so that the Fed is not currently 
in a reversionary period), and let U(g,, €) be 
the Fed’s expected utility over the next two 
periods; 


(23) U(g,,@) = EUF, + PEUF.",, 


+(1— P)EUFS,;. 


15To see this, note that g,>7*+8,+é=a* +e,+ 
E, + E= gf + e, +6 is equivalent to e, < g, — gf — & 

The reformulation of the model can also be ex- 
plained in terms of incentive compatibility. Suppose the 
Fed announces ef and sets g, = 7* + ef. Since gf = 7* 
+e,, g= g if and only if ef =e, no reneging, as 
defined above, is equivalent to incentive compatibility. 
Suppose the wage setters revert to inflationary wage 
settings if e; > 6, + £. It is easy to show that ef > 8, +€ 
if and only if g,>7*+6,+48, and that (22) can be 
expressed as P(e? — e, ~ 8) = Pre, < ef — e, — E]. If the 
Fed sets ef > e,, it increases the probability of a rever- 
sion in period t +1. The argument exactly parallels that 
in the text. 
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The Fed has no incentive to renege if 
U, (8f, €) < 0, where 


(24) U, (gi, E)=2y* 
— P'(—#)| EUF{,, — EUF,"4]. 


The first term is the expected gain in the 
current period from inflating away some of 
the output differential, @y*;1’ the second 
term is the expected loss next period from 
increasing the probability of a reversion. Note 
that the increase in the probability of a re- 
version (evaluated at g,=g;) is just the 
probability that £, equals ē; 


(25) P'(0-8)=p(-8), 


where p(-) is the probability distribution 
function of the forecast error, e,. From (13) 
and (14), EUF{,, — EUR, = y*?/f; so 


(26) U, (gf, E) sO iff p(—#) =2/(y*/f). 


If y*/f is greater than 2 (so that 0< 
2/(y*/f) <1), then ë can be chosen to 
eliminate any incentive for the Fed to renege. 

The trigger mechanism for a reversionary 
period, g,>7*+6,+ 8, was designed to be 
applicable in the private information case, 
where wage setters cannot tell whether or not 
the Fed has reneged. As a result, it has a very 
interesting property. Even if the Fed is al- 
ways running the ideal policy, there will still 
be periodic inflationary episodes associated 
with large negative prediction errors.!® Wage 
setters will see a large g, and a small ô, and 
they will revert to inflationary wage settings. 
The frequency of these inflationary rever- 
sions depends inversely upon the size of 
y*/f. Tf y*/f is large, then from (26), a big 
é can be specified; consequently, the prob- 
‘ability of-a reversion is small, and so is the 
frequency of inflationary episodes. 


It is calculated by substituting gf = g°° = a* into 
UF, in (12), differentiating EUF, with respect to g,, and 
evaluating the result at g, = gf. 

go=at+e>a*t+h+e=a* +e, +8, +E is 
equivalent to e<—- 8 
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The modification for private information 
allows the model to explain periodic infla- 
tionary reversions.!? It also suggests that, 
despite the apparent instability, Taylor might 
be right; the Fed and the private sector may 
have already hit upon a rather good resolu- 
tion of the problem. In fact, the worse is 
the problem to begin with, the better is 
the resolution; @y* is the difference between 
the players’ output goals, and if y*/f 
(=9y*/(s/@)) is big, a large € can be 
specified, and the frequency of inflationary 
reversions is small. It should also be noted 
that in this resolution of the credibility prob- 
lem, the Fed retains full fiexibility for stabili- 
zation. 

There still remain some weaknesses or un- 
answered questions. First, the game cannot 
be finite, or as Barro-Gordon have noted, the 
solution unravels backward. It is not clear 
how this fact jibes with the finite terms of 
office of Fed policymakers. Second, it is not 
clear that the inflationary reversions modeled 
here correspond to the policy scenario out- 
lined in the introduction. It is tempting to 
interpret the triggering of reversions as credi- 


bility breakdowns, and the inflationary bouts 


as times of credibility building or learning. 
But this would not be appropriate. The re- 
versionary periods modeled here are neces- 
sary evils that make the Fed’s promise of a 
noninflationary policy credible. Their ex- 
istence is evidence that the credibility prob- 
lem of precommitment has been resolved. 
The instability inherent in a straightforward 
interpretation of Rogoff’s model may more 
closely correspond to the policy scenario out- 
lined in the introduction. 


HI. The Legislative Approach with 
Private Information 


The legislative approach might provide a 
resolution that better fits the game at hand. 
The social contract enacted can have a finite 
duration, matching the policymaker’s term of 
office. And a dominant player with some- 


1° This is the basic insight of Green and Porter. 
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thing to gain, namely the government, can 
take the active role in initiating the reform. 

Congress could legislate incentive compat- 
ible policy rules directly, or it could legislate 
new rules of the game, rules that would 
constrain the strategies of the players; target- 
ing procedures are an example of the latter. 
The solutions described in this section could 
be legislated either way.2? However, as was 
suggested in Section I, it is not straightfor- 
ward to design incentive compatible rules for 
monetary policy if the Fed’s forecast of mon- 
ey demand is private information. It is easier 
to motivate the solutions described here in 
terms of targeting procedures. 

The tightest form of money targeting is a 
k-percent rule requiring g, to be equal to 7* 
each period. The noncooperative, Strict Tar- 
geting Solution is”! 


gr =a, ge 
EUF" = —(1+ fog — y*?, 


(27) 


EUW; = — 02 < EUW". 


Comparing (27) and (13), it turns out that 
EUF > EUF" if y**/f > (1+ f)o2. y*?/f 
is equal to E UF: — € — EUF”, the social disutil- 
ity resulting from the noncooperative behav- 
ior of the players; (1+ f)oź is the social 
. utility derived from having the Fed fully 
accommodate perceived money demand dis- 
turbances. 

Legislating a k-percent rule is obviously 
incentive compatible, and it is better than 
doing nothing if the disutility of the inflation 
bias due to noncooperative behavior out- 
weighs the utility of stabilization. Of course, 
legislating a, k-percent rule and doing noth- 
ing are the two polar extremes. There are 
better, less rigid, forms of targeting that limit 
the Fed’s temptation to inflate, but leave it 
with some latitude for stabilization. 

Congress might just require the Fed to 
meet its target on average, for example. In a 


20 They could also be achieved by institutional re- 
form; see fn. 4. 

ZAI of the noncooperative solutions in this section 
are calculated by working backwards, as in Section I. 
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two-period social contract, beginning in. 
period t=1, average targeting requires that 


(28) 


This constrains the Fed’s behavior intertem- 
porally; in fact, once g} is set, g, is known 
with certainty, by everyone, including the 
wage setters writing contracts for period t = 
2. The noncooperative, Average Targeting 
Solution is 


Zit g= 20*. 


(29) g =n*+ pe, + y*/2f, 
gel = a+ y*/2f, 
y*/2f = go, 
EUF* = —(1+ f)[o? —(p/2)02 
—[1+(1/4f)] »*? 
EUW” = — 02 — (1/2)[1 +(1-p)']o? 


at ok E 
8&2 ST — pey 


< EUW,", 


where p= (1+ f)/(1+2f)<1, and EUF” 
and EUW, are expected utilities averaged 
over the two periods. 

Unlike the ideal rule gf=7*+e,, the 
policy rules in (29) are incentive compatible. 
Congress could legislate them directly, in- 
stead of the targeting procedure; the Fed 
would announce ef at the time it set g,, and 
would have no incentive to make ef greater 
than e,” 

Here, the Fed will do some stabilizing, but 
the stabilization will only be partial, and it 
will only occur in the first period. In ad- 
dition, the new flexibility results in some 
inflation bias in the first period; the averag- 
ing requires the bias-to be reversed in the 
second period, and this curbs the Fed’s 
temptation to inflate. Compared with strict 


22-This can be verified by substituting g) = 7* + pe? 
+ y*/2f and g,=27*—g, into the Fed’s two- 
period optimization problem and maximizing with re- 
spect to ef. 
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targeting, average targeting’s advantage is in 
its flexibility for stabilization; compared with 
no targeting, average targeting’s advantage is 
in its reduced inflation bias. 

In fact, it can be shown that 


(30) EUF*> EUF* if R>ọ 
EUF” > EUR” if R<(1+n)¢ 


where R= (1+ f)o2/(y**/f) 
and $=(14+2f)/(1+f); n=2/(1+3f). 


R measures the utility of stabilization rela- 
tive to the disutility resulting from noncoop- 
erative behavior (i.e., the inflation bias). Note 
- that R depends upon the ability of the Fed 
to predict money demand disturbances (as 
measured by 7), as well as preferences. If 
R < ọ, the Fed’s hands should be tied com- 
pletely with the k-percent rule. If o< 
R<(1+7)¢, the Fed should only be 
constrained by average targeting. If R> 
(1+), then the Fed’s stabilization efforts 
should not be constrained at all, and the 
full-inflation bias should be tolerated. 

Even here, the full range of possibilities 
has only begun to be considered. Average 
targeting is a rather heavy-handed way of 
achieving flexibility; it is inefficient because 
it does not link flexibility directly to the size 
of the disturbances that the Fed ought to be 
allowed to accommodate. An ideal form of 
targeting would replace (28) with 


(31) 


However, legislating (31) would not provide 
an incentive compatible resolution to the 
credibility problem if the Fed’s forecast is 
private information; the Fed would have an 
incentive to announce ef and ef larger than 
e, and e,.” Legislating the ideal form of 
targeting would do no more good than legis- 
lating the ideal rule itself. 


2, +8, =27* +e +e. 


To prove this, first calculate the noncooperative 
solution with no private information; then replace e, 
and e, with ef and ef in the Fed’s policy rules for g, 
and g,, and calculate the Fed’s utility-maximizing val- 
ues for ef and ef. 
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There is however an incentive compatible 
form of targeting that is more flexible than 
average targeting. Flexible targeting requires 
that 


(32) 


where 6, is of course observed by the wage 
setters at the end of the first period. With c 
set equal to one, the noncooperative Flexible 
Targeting Solution (e =1) is 


2,+ 8, =27*+c8,, c20, 


(33) gft=a*¥+e,+ y*/2f, 
gE = att y*/2f,. 
aff = rtta y*/2f= gi" 
EUFf =}(1+ f)(o3 + 02) 
-afo = [1+ (1/40) 


EUW{' = —}(0 + o2) < EUW,”, 


where EUF/' and EUW/" are expected utili- 
ties averaged over the two periods. The policy 
rules in (33) are incentive compatible and 
could be legislated directly; the Fed would 
have ro incentive to misrepresent its fore- 
cast.” 

With c set equal to one, the Fed would 
find it optimal to stabilize fully in the first 
period. However, it turns out that this is 
again a polar case. Suppose ¢ is chosen 
optimally; that is, let c* be the value of c 
that maximizes EUF”. It can be shown that 


(34) 


cœ*—>1 as o/o? —>0 


c¥>0 as a/o >œ 


and that if c is less than one, the Fed will 
not find it optimal to fully accommodate 


24 This can be verified by substituting g, = 7* + ef + 
y*/2f and g.=2a*+8,—g, into the Fed’s two- 
period optimization problem and maximizing with re- 
spect to ef, 
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e,.> Full stabilization in the first period 
should be allowed only if the Fed is very 
good at forecasting money demand. In fact, 
with c set equal to one, flexible targeting 
beats average targeting only if 02/c2 is less 
than (1+ f)/G+2/); with c set optimally, 
flexible targeting always beats average tar- 
geting. 

It is beyond the scope of this paper to try 
to identify the most efficient form of target- 
ing. That would require a more interesting 
control setting (with dynamics, productivity 
shocks, etc.) and a multiperiod targeting 
horizon (presumably corresponding to the 
policymaker’s term of office). In addition, 
Robert Townsend’s simple example of multi- 
period contracting suggests that a complete 
specification of the most efficient social con- 
tract would be difficult, if not impossible. 

The examples provided here do, however, 
provide two insights that should be helpful 
in designing efficient targeting procedures. 
1) The procedure should be defined in terms 
of variables that are observed by all market 
participants; actual money demand was used 
in the examples above, but actual inflation 
would have served just as well. Credibility 
problems will remain if latitude for stabiliza- 
tion is incorporated in any other way. 2) The 
tightness of the targeting procedure should 
depend upon the ability of the Fed to stabi- 
lize (modeled above as the Fed’s ability to 
predict money demand disturbances that 
weren’t reflected in existing wage settle- 


ments) and the importance of stabilization ` 


relative to the disutility resulting from the 
credibility problem (modeled above as an 
inflation bias). 


25The general Flexible Targeting Solution is 
gf= at + [tft of )/+2f)] e+ (1/2f) y* 
af! =20* +08, — gf 
EUFf =~ (1— c) [f+ f)/20+2f)] 02 
~ e?(f/2)02 -[(14 f)/2]( of + 07) 
~[1+(/4f)] y*?. 
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IV. Conclusion 


Kydland and Prescott’s game between 
wage setters and the Fed provides a plausible 
explanation of the scenario outlined in the 
introduction, especially if the Fed’s forecast 
of money demand is private information. 
Without private information, Taylor’s ob- 
servations are persuasive; it is difficult to see 
why straightforward resolutions of the pre- 
commitment problem would not have al- 
ready been found. But with private infor- 
mation, the Fed cannot demonstrate its 
forebearance by simply running a noninfla- 
tionary policy for a few periods, and it is not 
feasible to simply legislate the “optimal” 
feedback rule. There are incentive compati- 
ble policy rules that could be legislated, but 
they are more complicated than what is usu- 
ally envisioned; the rules suggested here can 
be equivalently encoded as targeting pro- 
cedures. Private information also enriches 
Rogoff’s model of the perverse policymaker 
and Barro-Gordon’s (1983a) reputation 
model; both are too stable, without private 
information, to explain periodic inflationary 
breakdowns. 

There is a recurring tension in this paper 
that provides a new structure for the old 
controversy over rules vs. discretion. Some 
tule or discipline must be placed on the 
Fed’s behavior to resolve the credibility 
problem and achieve a better, noninflation- 
ary, game outcome. The trick is to do this in 
a way that leaves the Fed with the maximum 
amount of discretion or latitude for stabiliza- 
tion.” The modified Barro-Gordon model 
resolves the credibility problem in a very 
efficient manner, as does Rogoff’s perverse- 
ly inflation conscious policymaker (in the ab- 
sence of productivity disturbances and pri- 
vate information, anyway). In either case, 
the Fed is left with the latitude to fully ac- 
commodate perceived money demand 
disturbances. The targeting resolutions dis- 
cussed above do not appear to be as success- 
ful; a decrease in the inflation bias is achieved 


26My use of the word “discretion” differs from that 
of Barro and Gordon (1983a, b). 
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at the expense of discretion, the optimal 
amount of discretion depending upon the 
ability of the Fed to stabilize and importance 
of stabilization relative to the elimination of 
the inflation bias. i 

More generally, private information should 
be viewed as a constraint, much like a tech- 
nology constraint. The job of welfare econo- 
mists is to develop utility-maximizing mecha- 
nisms, given just such constraints. The 
tradeoff between the discretion needed for 
stabilization and the rule required for a reso- 
lution of the credibility problem is not well 
understood and deserves more attention. 
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The Relevance of Quasi Rationality in Competitive Markets 


By THOMAS RUSSELL AND RICHARD THALER* 


À Smart 
My dad gave me one dollar bill 
‘cause I’m his smartest son, ; 
And I swapped it for two shiny quarters 
‘cause two is more than one! 


And then I took the quarters 

And traded them to Lou 

For three dimes—I guess he don’t know 
That three is more than two! 


Just then, along came old blind Bates 

And just ‘cause he can’t see 

He gave me four nickels for my three dimes 
And four is more than three! 


And I took the nickels to Hiram Coombs 
Down at the seed-feed store, 

And the fool gave me five pennies for them, 
And five is more than four! 


And then I went and showed my dad, 
And he got red in the cheeks 
And closed his eyes and shook his head— 
Too proud of me to speak! 
Shel Silverstein 
Where the Sidewalk Ends 
Copyright © 1974 by Snake Eye Music, Inc. 
New York: Harper & Row, 1974 
(Reproduced with permission of the publisher) 


Economists generally attribute consider- 
able rationality to the agents in their models. 
The recent popularity of rational expecta- 
tions models is more an example of a general 
tendency than a radical departure. Since ra- 
tionality is simply assumed, there is little in 
the literature to suggest what would happen 
if some agents were not rational. This is 
surprising in light of the accumulating evi- 
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dence that supports Herbert Simon’s view 
that man should be considered at most 
boundedly rational. In fact, Kenneth Arrow 
concludes his recent review of this evidence 
as follows: “I hope to have made a case for 
the proposition that an important class of 
intertemporal markets shows systematic de- 
viations from individual rational behavior 
and that these deviations are consistent with 
evidence from very different sources...” 
(1982, p. 8). 

In this paper we start to explore the impli- 
cations of irrationality for economics. We 
begin by defining what we mean by rational, 
and what departures from rationality we 
think are most likely. We then consider what 
happens if rational and less than fully ra- 
tional agents (whom we call quasi rational) 
interact in competitive markets. We show 
that the knee-jerk reaction of some econo- 
mists that competition will render irrational- 
ity irrelevant is apt only in very special cases, 
probably rarely observed in the real world. 
Our analysis highlights the important roles 


-played by arbitrageurs and entrepreneurs. 


We find that, perhaps counter to intuition, 
more competition can actually make things 
worse by leaving no possibility of a profit to 
an entrepreneur who offers education or in- 
formation. 


I. Rationality, Quasi Rationality, and Framing 


Suppose two individuals face the ‘same 
budget set, but choose different consumption 
bundles. What could be the reason? Three 
distinctly different reasons can be identified: 
1) the individuals have different tastes (utility 
functions); 2) the individuals have different 
information; 3) one of the individuals has 
made a mistake. In this paper we are pri- 
marily concerned with behavior of the third 
type, so we need a method of modeling mis- 
takes. 

There is no place for mistakes in the con- 
ventional economics framework. In part, this 
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is because of the difficulty of identifying 
nonrational (by which we mean non-utility- 
maximizing) behavior. Consider, for exam- 
ple, the observation of a single purchase. The 
prices that an agent faces determine a budget 
hyperplane, and any point on that hyper- 
plane that the agent chooses supports some 
indifference surface. Thus any chosen point 
can be consistent with maximization. 

Suppose we examine more than one ex- 
penditure. Is it possible, on the basis of a 
series of expenditures, to’ characterize these 
acts as rational or nonrational? Defining ra- 
tional now to mean maximizing for a single,! 
increasing concave utility function, the an- 
swer is a qualified yes. If the actions contain 
within them a violation of the weak axiom of 
revealed preference (which is to say, that we 
observe both a chosen when b is affordable, 
and b chosen when a is affordable), then it 
can be concluded that no fixed increasing 
strictly concave function is being maximized. 
Typically economists have looked for viola- 
tions of the weak axiom in the choices made 
by agents confronted with different budget 
sets. Unfortunately, as Hal Varian (1982) has 
shown, the price income data of the real 
world seldom oblige by providing other than 
nested budget sets, so much of the time 
violations of the weak axiom are simply not 
possible. 

Another way in which, in principle, one 
could seek violations of the weak axiom is to 
present the agent with the same budget set, 
but presented in different ways. Then his 
choice must not change. This hypothetical 
test was first suggested by the inventor of 
the technique of revealed preference, Paul 
Samuelson (1983). Samuelson considered the 
following problem. Suppose that we confront 
an agent with an income-price vector (Y, p) 
and observe the choice x. Now confront the 
agent with the income-price vector (mY, mp) 
where m is a positive constant. Unless the 
consumer again chooses x, the weak axiom is 
‘being violated. The reason is simple. By mul- 
tiplying both income and prices by m we do 


1 The word single is crucial, since if tastes are allowed 
to change, or if a taste for “variety” is permitted, then 
virtually any set of actions can be rationalized. 
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not change the budget set. Thus any choice 
y #x at (mY, mp) violates the axiom. 

The same approach has been used more 
recently by cognitive psychologists to dem- 
onstrate simple violations of rationality. In a 
remarkable series of experiments, Daniel 
Kahneman and Amos Tversky (1979, 1981) 
have shown that subjects presented with the 
same problem (budget set) described in dif- 
ferent ways repeatedly change their re- 
sponses. Kahneman and Tversky. call such 
victories of form over substance “framing” 
effects. 

The violations which Kahneman and Tver- 
sky find are not only prevalent, they are 
systematic. That is to say, depending on how 
the problem is framed, it can be predicted 
whether the agent will choose x or y. We 
propose calling any such regular yet nonra- 
tional behavior quasi rational. Quasi-rational 
behavior will include some actions that can 
be considered mistakes in the classification 
scheme described above. To incorporate such 
mistakes in a model of a competitive market, 
an extra feature has to be added to the 
characterization of consumer behavior. The 
extra feature captures the consumer’s process 
of translating raw information into a per- 
ceived budget set. 

Suppose, then, that we think of agents as 
being given not budget sets but the ingredi- 
ents from which they can construct a budget 
set. Call this the information set J. Assume 
that, the individual constructs the budget set 
B from J using a mapping which we call F 
so that B = F(I).* Once the agent has B, we 
know from standard duality theory that max- 
imizing choices can be represented as the 
appropriate derivatives of an indirect utility 
function U defined on B. With the approach 
suggested here, U is actually defined on J so 
that we have U(F(J)) as the integral of the 
maximizing choices. 

What is the nature of F? It may have 
subjective elements but F is not entirely 


2The language used here promises more than it de- 
livers. The use of such terms as mapping and informa- 
tion set does not mean that we have a mathematically 
rigorous theory of this process, and is meant to be 
suggestive only. 
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subjective. It should, for example, conform 
to the laws of mathematics. Thus if J is a 
sample drawn from some population with 
replacement, then F should not depend on 
the order in which the observations are drawn 
or recorded. In some cases, the mapping 
from I to B will be so obvious that we 
would expect no one to get it wrong. Kahne- 
man and Tversky call such mappings trans- 
parent. The cases of interest are those’ where 
the mapping is more complex or, as they say, 
opaque. 

There is no shortage of evidence docu- 
menting human judgments which fail to 
satisfy rational objective standards. In many 
cases (see Kahneman, Paul Slovic, and Tver- 
sky, 1982) these lapses seem to be associ- 
ated with the use of a rule of thumb (i.e., the 
representativeness heuristic, and the avail- 
ability heuristic) in which the decision maker 
sometimes focuses on irrelevant aspects of 
the information set in constructing his bud- 
get set. 

This suggests a useful distinction between 
.correct and incorrect mappings. We label the 
correct (or set of correct)? mappings F* and 
any incorrect mappings F’.* We now have 
the apparatus to characterize all three 
reasons referred to earlier why choices 
(under the same budget set) may diverge: 
1) differences in J; 2) differences in U; or 
3) differences in F. Those choices consistent 
with an indirect utility function U(F*(2)) 
are considered rational while those based on 
any other mapping, F’, are considered quasi 
rational. The term quasi rational has been 
chosen to capture both the‘rational maximiz- 
ing that is suggested by the systematic reg- 
ularities shown in the experimental data 
(subjects do not choose at random) and the 
inconsistencies with. the axioms of rational 
choice. 

The existence of the mapping F is not 
completely foreign to economics. In expected 


3We need not be concerned here with whether F* is 
unique. It is sufficient for our analysis that we be able to 
identify some incorrent mapping F’. 
4The mixture of subjectivity and required consistency 
appears also in the subjective theory of probability. It is 


discussed in very clear terms by Bruno de Finetti (1977). - 
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utility theory, for example, the agent has a 
preference function over consequences but 
chooses acts. A mapping F from acts to 
consequences is needed to construct the 
budget set. In a subcase of this, portfolio 
theory of the Markowitz mean-variance type, 
investors observe the prices of assets but 
have preferences over the mean and variance 
of returns. Again'a mapping F is needed to 
construct the relevant budget set. Indeed in 
financial economics the implication of het- 
erogeneity in F is an ongoing area of in- 
vestigation (Joram Mayshar, 1983; Robert 
Jarrow, 1983). We are here assuming not just 
heterogeneity in F, but the existence of a 
correct and incorrect F. As we shall see, 
however, some of the structure is identical. 
Finally, even in decision making under cer- 
tainty, the new economic theory of the con- 
sumer of Kelvin Lancaster (1966) and Gary 
Becker (1965) in which consumers have pref- 
erences over characteristics but purchase 
market goods, requires a mapping from goods 
to characteristics in order to construct the 
budget set. 

The existence of the mapping F enables 
us to characterize in principle even a sin- 
gle choice as nonrational. Suppose we 
give a consumer information concerning two 
choices, x and y, and that under the true 
mapping F*, x and y.are identical but y is 
cheaper. If an individual buys x, that is 
nonrational. Nevertheless, it is virtually im- 
possible to classify:an act as nonrational in 
practice because of the difficulty in control- 
ling for differences in tastes U(.), or in infor- 
mation I. 

This suggests precisely. the role of the 
laboratory experiment. By controlling for 
tastes and information it is possible to iden- 
tify F, and in this way conclude that the 
behavior is indeed nonrational. It is true that 


_ for every real world example of quasi-rational 


behavior we can offer, rationality cannot be 
ruled out. This, however, in no way rules it 
in. At the present state of our knowledge, it 
seems we must allow the possibility that 
some behavior is quasi rational. Neverthe- 
less, with few exceptions, economists have 
tended to ignore the work of the cognitive 
psychologists and have continued to investi- 
gate markets with only rational agents. Why 


1074 


is the experimental work given so little atten- 
tion? Economists have generally been critical 
of these results for the following reasons: 

1) “Much of the research is based on 
hypothetical questions. Thus respondents 
have little incentive to respond properly.” 
This critique has been examined by David 
Grether and Charles Plott (1979) and by 
Grether (1980) in their replications of work 
by psychologists. In both studies the quasi- 
. rational behavior was at least as strong in a 
condition with monetary incentives as in a 
condition with purely hypothetical questions. 
Thus while skepticism of hypothetical ques- 
tions may be reasonable, the evidence about 
quasi rationality cannot be attributed solely 
to this problem. 

2) “The experiments are done in the 
laboratory.” While this statement is true, 
there is other evidence of irrational behavior 
outside of the lab. For example, Howard 
Kunreuther et al. (1978) found irrational fac- 
tors to be very important in determining who 


would buy government-subsidized flood in- 


surance. 

3) “In the real world, people will learn.” 
There are two responses to this critique. First, 
the subjects have not yet learned to choose 
according to our normative theories, other- 

- wise one would not obtain the reported ex- 
perimental results. Second, as Hillel Einhorn 

_and Robin Hogarth (1978) have emphasized, 
many Situations will not provide feedback in 
a way that will facilitate learning. Without 
well-structured. feedback, learning may be 
negligible. 

4) “Economists are interested in aggre- 
gate behavior and these individual errors will 
wash out when we aggregate.” Since the er- 


rors that have been identified are systematic. 


(i.e., in a predictable direction), this state- 
ment is just wrong. However, there is a more 
subtle version of this idea. 

5) “Markets will eliminate the errors.” 
While this statement is sometimes made, it is 
not clear by what mechanism markets will 
eradicate irrational choices. While it has been 
argued that evolution will eventually elim- 
inate firms that choose improperly, there is 
no such process at work for individuals. So 
far as we know, quasi rationality is rarely 
fatal. - 


THE AMERICAN ECONOMIC REVIEW 


DECEMBER 1985 


In summary, there is a large body of ex- 
perimental evidence suggesting that humans 
make judgments and decisions in a way that 
can be characterized as quasi rational. This 
evidence cannot be dismissed easily. It there- 
fore seems prudent to begin to inquire about 


. the workings of markets in which some agents 


are quasi rational. Do the quasi rationals 
affect prices? Does a competitive market 
protect or exploit the quasi-rational seg- 
ment? What roles do arbitrageurs and en- 
trepreneurs play? It is to these questions we 
now turn. 


I. Markets with Quasi-Rational Agents 


We will investigate competitive markets 
with two kinds of agents, rational and quasi 
rational. To capture the quasi-rational be- 
havior, we use an extended Lancasterian 
model of consumption. Consumers purchase 
goods in the market but derive utility from 
the characteristics the goods possess rather 
than the goods per se. There is an objective 
mapping from goods to characteristics. The 
rational consumers perceive this mapping. 
The quasi rationals perceive a different, in- 


correct mapping.’ 


A. Model 1: The Basic Model 


We begin by considering the simplest pos- 
sible model that includes both rational and 
quasi-rational agents and competition. We 
make the following assumptions. 


Preferences. All individuals are assumed to 
have the same preferences over two char- 
acteristics: 


(1) U=ceci-*, 


We concentrate our attention on char- 
acteristic 1, C,, so that characteristic 2, C,, 
should be thought of as an aggregate of all 
other characteristics. l 

Note that if the price of characteristic C, 
is Po, the individual demand for characteris- 


5A similar notion is used in Douglas Auld (1972) and 
Claude Colantoni et al. (1976). 
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tic 1, Dc, is given by 
(2) De, = a¥/Pe,; 


where y is the income of the individual. We 
assume all individuals have the same income. 


The Objective Characteristics Technology. 
Characteristic 1 is contained in two goods, 
g, and g,, and only in these goods, Char- 
acteristic 2 is contained in the aggregate good 
g, and only in g,. 

By Walras Law we need only consider 
equilibria in the markets for g, and g,. We 
assume 


(3) a=; g.=BC, 


is the true consumption technology relating 
quantities of characteristics to quantities of 
goods. 


Quasi-Rational Mapping. Quasi-rational 
agents believe that the relationship in (3) is 
actually 

(4) B=; B= Wy y#B. 
Number of Agents. L individuals are ra- 
tional, M quasi rational. 


Supply. There is a fixed supply of goods: 1 
and 2, 31, Z2. 


Demand. Let P, = price of good i, i=1,2. If 
good 1 is bought, the price per unit of char- 
acteristic 1 is Po, = P,. If good 2 is bought, 
Po, = P/B. Obviously buyers will buy 
C, at what seems to them to be the lower 
price. Thus rational demands D? are. given 
by 


= ((a¥/P,),0,(ta¥/P;)) 


as P, < P,/B, P,> P,/B, P= P,/B 
= ((a¥B/P,),0,((1— t)aY/P,)) 
as P,> P,/B, P, < P./B, Pi = P/B, 


where f is an arbitrary scalar 0<¢<1. The 
quasi-rational demands D2* are given by 
the same expressions with y replacing £. 
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Note that goods 1 and 2 become perfect 
substitutes at different prices for the ration- 
als and the quasi rationals. 


An equilibrium is defined as a pair P*, P#* 
such that 


D, (Př, P*) = 215 D,( Py, Px) = 8, 


where D, 
good i. 


is the aggregate demand for 


A Rational Equilibrium is defined as a pair 
P,, P, such that 


D,(P,, Py) si; D,(P,, Ê) 55 


where D,=(L+M)D3; that is, aggregate 
demand if all individuals in the economy are 
rational. ‘We are interested in obtaining nec- 
essary conditions for an equilibrium to be a 
rational equilibrium. 


PROPOSITION 1: A necessary condition for 
an equilibrium to be a rational equilibrium is 
that P¥ = P*/B. 


PROOF: 

Unless the condition is satisfied, rational 
individuals will not buy both goods. From 
this we may deduce 


PROPOSITION 2: Let y>(<)8. Then a 
necessary condition for an equilibrium to be a 
rational eouilibrium is that M/L < Bg,/y8, 
(< 81/82). 


PROOF: 

Since ths proof for y < £ parallels that for 
y > B we consider only the latter. Take any 
price ratio P, = P,/B. Since y> B, all quasi 
rationals will buy good 2. Therefore equi- 
librium requires P} < LaY/g,. For rational- 
ity we must have Př = P*/ß, so we must 
have P< LaYB/g,. This, however, would 
make demand for good 2, D, > MaY/ 
[aYB/yg,]. If Z, is less than this, that is, g, 
< Myg,/LB, equilibrium is impossible. 


Proposition 2 states that a rational equi- 
librium will not obtain if there are “too 
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many” quasi-rational consumers. From this 
it is obvious that 


PROPOSITION 3: There exist equilibria 
which are not-rational equilibria. 


This result demonstrates that the existence 
of markets is not sufficient to eliminate the 
effect of quasi-rational behavior. This market, 
however, has two special features which help 
sustain the quasi rationality: 1) the only way 
to trade characteristics is to trade goods; 2) 
there are no short sales. Both of these fea- 
tures are important and are analyzed in turn. 


B. Markets for Characteristics 


One way in which characteristics could be 
traded directly is if they could be “stripped” 
from the goods and sold separately. This 
may or may not be feasible. For example, it 
is possible to disassemble an automobile and 
sell all of its parts, but it is not possible to 
disassemble and sell its relevant characteris- 
tics such as ride, handling, fuel economy, 
comfort, etc. An extreme case of interest is 
where characteristics can be decomposed 
costlessly. 


PROPOSITION 4: If characteristics can be 
decomposed and marketed costlessly, then a 
rational equilibrium will obtain. 


PROOF: 

Suppose y> 8. Then if equilibrium were 
not rational, P, < P,/f. But this would mean 
that Po to the quasi rationals who buy good 
2 is greater than Pa to the rationals who 
buy good 1. Thus the law of one price does 
not hold in characteristics, yielding an incen- 
tive for the rationals to buy good 1, strip it 
of its C,, repackage C, in good 2 and sell it 
at a profit. (There is likewise an apparent 
incentive for the quasi rationals to repackage 
in reverse, but we assume this will im- 
mediately reveal the true relationship be- 
tween goods and characteristics, and so will 
not occur.) The action of the rationals will 
thus drive up the price until P} = BP). 

In goods markets the cost of characteris- 
tics stripping is determined by production 
technology. In asset markets, however, char- 
acteristic stripping is not so much a matter 
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of technology as it is the number of markets 
and cost of using the markets. For example, 
with a low-cost futures market in Treasury 
bills, a six-month Treasury bill can be 
stripped of its three-month component by 
selling a three-month futures contract in the 
bill. This means that the price of three-month 
T-bills and the combination of one six-month 
T-bill and one three-month future T-bill can- — 
not get far out of line, even if financial 
officers of corporations ‘have a preference for 
simple contracts such as three-month bills 
and are willing to pay a premium for such 
contracts. 

Costless characteristic repackaging de facto 
sets up a market in characteristics so that the 
law of one price in characteristics must hold. 
In the absence of this market, a market in 
goods is not, in general, a substitute for a 
market in characteristics. 


C. Short Selling 


In goods markets it is not generally feasi- 
ble to take a short position. Markets are just 
not organized in a way that allows a specula- 
tor to borrow and sell Chrysler automobiles 
or Heinz ketchup in the expectation of a 
future drop in price. Short selling is per- 
mitted in some financial markets, however, 
and so to extend our analysis to include 
those markets we explore the ramifications of 
permitting short sales. 


PROPOSITION 5: Short selling will guar- 
antee that the equilibrium is rational provided: 
(a) within the time space that g, and g, are 
traded, there exists a time T* such that after 
T* the true relationship between characteris- 
tics and goods is known to everyone; (b) only 
the rationals sell short. 


PROOF: 

Again assume y>. Then if the equi- 
librium is not rational, P, > P,8. But at time 
T*, P = P b. Thus short selling by the ra- 
tionals will be profitable and will force P, 
into equality with P£. 


éThis example is discussed in Edwin Elton et al. 
(1982). 
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The two extra conditions are necessary to 


assure that an equilibrium exists and that © 


short selling is riskless.’ If the quasi rationals 
sell short, and if P, = BP, they will believe 
gı is overvalued and will wish to sell it short. 
Thus no equilibrium will exist. The assump- 
tion that only rationals sell short is not un- 
reasonable if rationality is associated with 
professional market participants. It might be 
called the Marshallian view based on the 
following from Alfred Marshall: 


The private purchaser of railway shares 
may know nothing [about its prospects, 
the ability of its management and pro- 
priety of its accounts], but he buys with 
the confidence that all such points have 
been scrutinized by many keen men 
with special knowledge, who are able 
and ready to “bear” the stock if they 
find in it any weak spot, which...had 
not been allowed for in making up its 
value. 

[cited in Mayshar, pp. 126-27, fn. 25] 


The condition that the true mapping be 
revealed is necessary to create a pure arbi- 
trage opportunity (some chance of gain, no 
chance of loss). If characteristic stripping is 
impossible, then knowledge of the true map- 
ping between goods and characteristics is not 
sufficient to create an arbitrage opportunity. 
Only if the quasi rationals become informed 
can the correct price be assured. 

Of course, in most nonfinancial markets, 
characteristic stripping is not costless and 
short selling is impossible. In these situations 
(within Model 1) quasi rationals do influence 
prices, and the rational price equilibrium 
need not obtain. 


D. Production 


Up to now we have been assuming that 
both goods are in fixed supply. To allow for 
production we will consider three cases: in- 
creasing costs, constant costs, and decreasing 


TIn the finance literature on arbitrage pricing, these 
two conditions appear as: 1) all investors agree on the 
state representation; 2) all investors agree on probability 
zero events. 
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costs. Formal proofs follow the same lines as 
above so we just present the results. 


Increasing Costs. If both goods are produced 
with technologies involving increasing mar- 
ginal costs, then the results of the previous 
section are qualitatively the same. A rational 
equilibrium can obtain as long as the num- 
ber of quasi rationals in the economy is small 
enough. 


Constant Marginal Costs. The constant mar- 
ginal cost case is a knife-edge situation. 
Competition assures that price equals mar- 
ginal cost so both goods can only coexist if 
the ratio of marginal costs is exactly equal to 
B. The size of the two groups of consumers is 
irrelevant. 


Decreasing Marginal Cost. When both goods 
are produced with economies of scale, then a 
rational equilibrium can occur with both 
goods existing. Also, if the quasi rationals 
are large enough in number and the goods 
are close enough in efficiency cost, then the 
quasi rationals can lead to the wrong good 
being produced. The rationals in this case 
recognize that it will be cheaper for them to 
join the quasi rationals than to buy their 
preferred (ex ante) good.® 


E. Comparison with Results in Finance 


The models of fixed supply presented so 
far are very close in structure to a class of 
models in financial economics first intro- 
duced ty John Lintner (1969). 

In these models, individuals have different 
beliefs concerning the mean and variance of 
assets. The reasons for these different beliefs 
are not investigated so there is no counter- 
part to our notion of rationality and quasi 
rationality, but still the market is composed 
of individuals with different beliefs, and this 
assumption might be expected to produce 
similar results. 

In ar important sense, however, our re- 
sults are quite different. In the financial mod- 


8A similar problem is analyzed by John Haltiwanger 
and Michzel Waldman (1985). They call increasing costs 
congestion and decreasing costs synergy. 
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els à la Lintner, market prices reflect all 
beliefs. For that reason Lintner himself found 
the extension of the model to heterogeneous 
beliefs basically uninteresting, since every- 
thing that was true for homogeneous individ- 
uals now became true for “the market.” In 
the models we discuss, market prices may 
give zero weight to the beliefs of one class of 
agents. Why the difference? The reason hinges 
on special assumptions made in the financial 
literature which prevent the financial system 
from breaking up into subsystems. Because 
assets are assumed to be joint normally dis- 
tributed and agents are assumed to have 
exponential utility functions, all individuals 
hold all assets. For that reason, asset prices 
reflect all beliefs. In our model, because there 
are more goods than characteristics and be- 
cause the technology is linear, it is possible 
for rational agents completely to escape the 
influence of quasi-rational agents by special- 
izing in consumption of the good(s) which 
the quasi rationals cause to be underpriced. 
It is precisely this force that can restore 
rationality to the market. Obviously a neces- 
sary condition for this to occur is that there 
are more goods than characteristics. As the 
finance examples make clear, this is not suffi- 
cient. If, for any reason, all goods are bought 
by all agents, quasi rationals must influence 
_prices. Thus the examples we discussed earlier 
are actually biased towards the result that 
market prices will be fully rational, since 
they permit rational agents to form their own 
subeconomies. 


Ti. An Example 


As we emphasized in the introduction, it 
is generally not possible to prove that any 
act or set of actions is generated by quasi- 
rational behavior. Differences in tastes 
and/or information can rarely be ruled out 
completely. Nevertheless, we present here 
some data from a market where the law of 
one price (for characteristics) is violated. 
While a plausible quasi-rational explanation 
can be given, as usual rational-based ex- 
planations can also be made. Our purposes, 
therefore, are just to give an example of how 
a market might turn out when a quasi- 
rational rule of thumb is widely used, and 
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to use the example to address some other 
theoretical issues. 


A. Dishwashing Liquid 


In 1981 Consumers Union (CU) con- 
ducted a study of the price and efficiency of 
dishwashing liquids. The study was repli- 
cated in 1984 with very similar results. We 
will present the more recent data. Thirty-five 
brands of dishwashing liquid were tested for 
their ability to wash dishes. Few differences 
among, brands were discovered on most di- 
mensions, but wide variation was found on 
the number of dishes a given quantity of the 
brand could wash. This “dishes washed per 
squirt” measure was called an efficiency fac- 
tor. Brands were placed into four groups 
according to their efficiency factor. Brands in 
the top group were arbitrarily given an 
efficiency factor of 1.0. By multiplying the 
nominal price of the brand by the efficiency 
factor, a “real cost” was calculated. If the 
law of one price holds for the characteristic 
dishes washed, then the real cost of each 
brand should be about the same. 

Table 1 presents CU’s results. As can be 
seen, the law of one price fails to hold. There 
is a clear negative relationship between the 
nominal selling price and the real cost. The 
most expensive brands are usually the best 
buys. There may, of course, be other char- 
acteristics, such as kindness to hands. How- 
ever, CU found little difference on these 
dimensions. Furthermore, the most expen- 
sive brands are likely to have more of all the 
(positive) characteristics so adding more 
characteristics would probably strengthen ihe 
results. 

We think the most plausible apk 
for this finding is that some consumers con- 
fuse the mapping from price per bottle to 
price per dish washed. It is well known in 
marketing that many consumers have a gen- 
eral tendency to buy either the cheapest 
brand or the most expensive brand. This 
tendency represents a shopping strategy that 
greatly reduces decision-making costs at the 
supermarket. It may well be rational to use 
such a strategy. It would take so long to fully 
analyze every decision for a single week’s 
family shopping expedition that some sim- 
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TABLE 1— REAL Costs oF DISHWASHING LIQUID 


Number of 
Brandsin Average Efficiency Real 
Group the Group Price Factor Cost 
A 8 1.97 1.0 1.97 
B 6 1.60 1.4 2.24 
C 19 .97 2.7 2.61 
D 2 .12 4.7 3.36 


Source: Consumer Reports, July 1984, p. 413. 


plifying strategies must be used. In cases 
where quality or taste is easy to judge, a 
family may learn to make specific alterations 
to their general strategy (“Don’t buy generic 
cola”). In other cases, such as the dishwash- 
ing liquid, a family would have to do some 


fairly sophisticated testing to determine that . 


its usual “buy cheap” strategy was (in this 
case) inappropriate. 

Since this market has remained stable over 
the last few years (and probably for much 
longer), it becomes interesting to ask why the 
inefficient brands survive. We will consider 
four forces that could push the (characteris- 
tics) market back into equilibrium: arbitrage, 
entry, education, and tied sales. 


Arbitrage and Entry. Arbitrage would be pos- 
sible if one could profitably buy the expen- 
sive brands, dilute them, and sell the diluted 
product as a cheap brand. However, there is 
no reason to think this is possible. Entry into 
the “no frill,” generic dishwashing liquid 
market is relatively free. There are unlikely 
to be profits to be made by entering this 
market. The high real cost of these brands 
probably represents the high fixed cost of 
packaging and distribution. Literally buying 
the high-priced brands off the shelf and 
diluting them for resale is surely an unprofit- 
able venture, and since the data do not nec- 
essarily imply extraordinary profits in any 
segment, entry alone cannot be expected to 
solve the problem. 


Education. One of the high-price/low-cost 
brands of dishwashing liquid has, from time 
to time, run an advertising campaign that 
stresses the true economy of their brand 
relative to the low-cost “so-called bargain 
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brands.” This is an example of a firm trying 
to educate the quasi-rational segment. When- 
ever a consumer can be educated at a cost 
that is less than his potential gain from 
switching to the efficient product, a profit 
opportunity exists. However, ironically, this 
education will not take place if the market is 
truly competitive. With perfect: competition, 
no one seller can charge a premium above 
marginal cost and so there is no incentive to 
pay the costs of education. Only if there is 
some monopolistic element, such as brand 
names, will there be a potential return to 
education. Even then, the educator runs the 
risk that the education will not be brand 
specific, so other high-cost brands may be 
able to free ride at the educator’s expense. 


Tied Sales. Jerry Hausman (1979) has done a 
careful study of consumer purchases of air 
conditioners. He finds, much as in the dish- 
washing liquid example, that more expensive 
air conditioners are better buys because they 
are generally more energy efficient. He re- 
ports that the average purchase implies a 
discount rate of 25 percent after considering 
utilization rates and energy costs. Further- 
more, the implicit discount rates vary sys- 
tematically with income. Purchases by low- 
income households imply discount rates of 
27, 39, and 89 percent in the three lowest 
income classes in Hausman’s sample. These 
rates are all much higher than the prevailing 
borrowing rates (around 18 percent on most 
credit purchases) at that time.” 

Hausman discusses several possible solu- 
tions to the apparently inefficient purchases 
being made. One is of particular interest 
here: 


Another possible type of market solu- 
tion. would be to have utility companies 
purchase appliances and lease them to 
their customers. Presumably utilities 
would be willing to engage in such 
activity, since they could borrow mon- 
ey to finance the more energy-efficient 


°Air conditioners are rarely purchased by the very 
poor so most buyers probably have access to at least 
installment-buying-type credit. 
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appliances and then charge a rental 
rate which would leave the consumer 
better off. Utilities could develop ex- 
pertise in choosing the optimal effi- 
ciency model in terms of climate and 
intended utilization and help their cus- 
tomers make a better choice. [p. 51] 


While Hausman’s idea is along the right 
lines, it may not go far enough. What the 
utility would have to do to be sure of getting 
optimal choices is to rent the air conditioners 
with the utility costs included in the rental. 
Only by tying the sale of the air conditioner 
services with the purchase of the electricity 
could the possibility of quasi-rational choices 
be ruled out. Of course, other problems such 
as monitoring utilization might prevent such 
an arrangement from succeeding. Neverthe- 
less, the theoretical point of interest here is 
that only by creating a market in the ulti- 
mate consumption commodity (the char- 
acteristics in the model) can the seller 
guarantee rational choices. 

It is interesting to compare this conclusion 
with that made by Richard Posner in a simi- 
lar case: 


The leverage theory (of tie-in sales) held 
that if a seller had a monopoly of one 
product, he could and would monopo- 
lize its indispensable complements as 
well, so as to get additional monopoly 
profits. Thus, if he had a patented 
mimeograph machine, he would lease 
the machine at a monopoly price and 
also require his lessees to buy the ink 
used in the machine from him and 
charge them a monopoly price for the 
ink. This procedure, however, makes 
no sense aS a matter of economic the- 
ory. The purchaser is buying a service, 
mimeographing. The pricing of its com- 
ponents is a mere detail; it is, rather, the 
total price of the service that he cares 
about. If the seller raises the price of 
one component, the ink, the purchaser 
. will treat this as an increase in the price 
of the service. If the machine is already 
being priced at the optimal monopoly 
level, an increase in the price of the ink 
above the competitive level will raise 
the total price of the service to the 
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consumer above the optimal monopoly 
level and will thereby reduce the mo- 
nopolist’s profits. 

[1979, p. 929, emphasis added] 


Posner, of course, explicitly assumes ra- 
tional consumers. He says that to do other- 
wise would be “inconsistent with the prem- 
ises of price theory.” But if even some 
consumers are quasi rational, then the way 
the prices of the various components of a 
good are framed is no longer a “mere detail.” 
Indeed, framing effects in particular, and 
quasi rationality generally, open the possibil- 
ity that repackaging goods via tie-in sales 
and other similar devices can increase both 
consumer welfare and monopoly profits. 
Thus the “Chicago” position on tie-in sales 
(to permit them) may be right, though for the 
wrong reasons. 


V. Conclusion 


When we assume that consumers, acting 
with mathematical consistency, maxi- 
mize utility, therefore, it is not proper 
to complain that men are much more 
complicated and diversé than that. So 
they are, but if this assumption yields a 
theory of behavior which agrees toler- 
ably well with the facts, it must be used 
until a better theory comes along. 
[George Stigler, 1966, p. 6] 


There are two possible justifications for 
the use of maximizing models in applied 
microeconomics. As Stigler suggests above, 
one justification is that the models are good 
predictors. This is the usual “as if” position. 
The alternative justification is that markets 
guarantee that only rational behavior can 
survive. Our reading of the psychology litera- 
ture referred to earlier suggests that the first 
justification is frequently violated. Devia- 
tions from maximizing behavior are both 
common and systematic. The implication of 
the current paper is that the second justifica- 
tion will rarely apply, except (perhaps) in 
some highly efficient financial markets. Where 
does that leave us? 

First of all, our analysis suggests that re- 
search on individual decision making is 
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highly relevant to economics whenever pre- 
dicting (rather than prescribing) behavior is 
the goal. The notion that individual irration- 
alities will disappear in the aggregate must 
be rejected. However, as Stigler implies, the 
neoclassical theory will not be abandoned 
until an acceptable (superior) alternative is 
available. Such theories will have to be ex- 
plicitly descriptive rather than normative. 
The usual approach in economics is to solve 
for the optimal solution to a problem, and 
then to assume the agents in the model chose 
accordingly. Thus the model is supposed to 
be simultaneously normative and descriptive. 
A model such as Kahneman and Tversky’s 
(1979) prospect theory abandons any claim 
to normative value. It simply tries to describe 
human behavior. Thaler and H. M. Shefrin’s 
1981 self-control theory of saving is in a 
similar spirit. Both theories seem to fit the 
data well. It is worth mentioning that both of 
these models are still basically maximizing. 
Quasi rationality does not imply random 
choice. 

In the absence of such behaviorally moti- 
vated alternative theories, one intermediate 
step can be taken. A standard practice in 
applied work is to use the theory to impose 
restrictions to the empirical estimates. The 
estimates are then forced to satisfy the re- 
strictions. In the absence of evidence to sup- 
port the assumption that the theory describes 
behavior, a simple precaution is to do the 
estimates in an unconstrained fashion when- 
ever that is possible. For example, Grether 
gave subjects in an experiment a Bayesian 
revision task in which they should equally 
weight the (given) prior odds and likelihood 
ratio. He then estimated how they did com- 
bine the data and found that the subjects on 
average overweighted the likelihood ratio. 
The model he estimated would outperform 
an alternative model that assumed proper 
Bayesian revision. Until better theories are 
developed, such atheoretical estimation pro- 
cedures seem appropriate. 

Our analysis also has implications for the 
use of evolutionary arguments in economics. 
In a review of Richard Nelson and Sidney 
Winter’s 1982 book on this subject, Michael 
Spence says that “markets discipline agents 
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and modify their behavior.” This statement 
is clearly true for agents within firms, but has 
limited applicability to individuals acting as 
consumers or investors. In fact, the more 
efficient the market, the Jess discipline the 
market provides. In a fully arbitraged market, 
all goods (assets) yield the same characteris- 
tics per dollar (returns), thus individuals can 
choose in any manner without penalty. Only 
in less than fully efficient markets is there 
any penalty to quasi rationality. 
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Efficient Adaptation in Long-Term Contracts: 
Take-or-Pay Provisions for Natural Gas 


By Scott E. MASTEN AND KEITH J. CROCKER* 


To avoid repeated bargaining in transac- 
tions supported by durable, transaction- 
. Specific investments, parties may decide to 
specify the terms of future trade in a long- 
‘term contract at the outset of the relation- 
ship (see, for example, Benjamin Klein, 
Robert Crawford, and Armen Alchian, 1978; 
and Oliver Williamson, 1979). A principal 
limitation of long-term contracting, however, 
is its inflexibility in the face of fluctuations in 
supply and demand: although contingent 


claims contracts permit adaptation to chang- ` 


ing circumstances, contingent performance 
is costly to stipulate and even more difficult 
for courts to administer. To mitigate these 
hazards, parties will therefore wish to choose 
contract terms that minimize the need for 
costly adjudication while maintaining incen- 
tives for appropriate adaptation. 

This paper examines the incidence of 
“take-or-pay” provisions in contracts be- 
tween natural gas producers and pipelines 
from this perspective. Take-or-pay clauses 


require purchasers to pay for a contractually. 


specified minimum quantity of output, even 
if delivery is not taken. The existence of such 
provisions and efforts by pipelines to have 
them abrogated in the face of declining de- 
mand during the most recent recession have 
generated a debate regarding the role such 
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versity of Michigan, Ann Arbor, MI 48109, and Depart- 
ment of Economics, University of Virginia, Charlottes- 
ville, VA 22901, respectively. This paper was presented 
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sity Advanced Workshop in Public Utility Economics 
and Regulation, May 1984. We thank Michael Canes, 
Maxim Engers, Matt Gelfand, Richard Higgins, Doug- 
las Kinney, Jonathan Skinner, the University of Virginia 
Microeconomics Workshop, and an anonymous referee 
for helpful suggestions. Financial support was provided 
by the Federal Trade Commission. The views presented 
are our own, not those of the Commission, individual 
commissioners, or staff. 
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terms play in allocating gas resources. A 
common perception has been that take-or- 
pay provisions are an artifact of wellhead 
price regulation: by assuring a minimum 
payment, take obligations raise the expected 
value of a contract to a producer and thereby 
circumvent the effect of the price ceiling. To 
the extent that producers of high-cost gas 
were able to command higher obligations, 
some pipelines have been induced to purchase 
and sell more expensive gas to end. users 
while leaving lower-cost supplies with smaller 
take requirements in.the ground. The impli- 
cation of this view is that take provisions are 
anomalies that distort market incentives and 


. Should therefore be nullified; permitting 


pipelines to adjust purchases in a more ap- 
propriate manner. 

The problem with this explanation is that 
the incidence of take provisions is not limited 
to regulated gas supplies, but is also a feature 
of contracts covering unregulated pre-1954 
interstate and ‘pre-1978 intrastate gas, as 
well as of recently deregulated categories of 
new “high-cost” gas.' Moreover, take-or-pay 
clauses are also encountered in contracts for 


See H. G. Broadman and M. A. Toman (1983); and 
M. E. Canes and D. A. Norman (1983). Take provisions 
were also an integral part of producer-pipeline contracts 
throughout the essentially unregulated period before 
area pricing was adopted in 1960. The Phillips decision 
in 1954 gave the Federal Power Commission jurisdiction 
to regulate wellhead prices of gas sold in interstate 
commerce. The initial regulatory efforts, however, sought 
to institute cost-based rates on a well-by-well basis. 
Using this approach, the Commission never progressed 
beyond regulating the parties to the original decision. 
The result was a prodigious case backlog. According to 
Paul MacAvoy and Robert Pindyck, “... The Commis- 
sion itself forecast that it would not finish its 1960 case 
load until the year 2043” (1975, p. 13). Area rates, that 
effectively froze prices at the market levels of 1958-59, 
were an attempt to lend tractability to the regulatory 
process. 
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coal and other unregulated commodities.” In 
view of this, both H. G. Broadman and 
M. A. Toman, and M. E. Canes and D. A. 
Norman have suggested that take obligations 
might be a means of allocating risk between 
producers and pipelines. High take provi- 
sions reduce risk for producers by guarantee- 
ing a minimum return on investments in well 
capacity. Unfortunately, such arguments do 
not provide a practical basis upon which to 
evaluate observed contractual arrangements 
without knowledge of the relative risk prefer- 
ences of the parties involved. 

This paper offers an interpretation of take- 
or-pay provisions that relies on neither risk 
aversion nor the existence of regulatory price 
ceilings. Instead, we argue that take obliga- 
tions can be viewed as a mechanism for 
effecting appropriate incentives for contract- 
ual performance, and show that efficient 
breach considerations define an optimal take 
percentage as a function of characteristics of 
the transaction. These incentives are dis- 
torted, however, by the existence of regulated 
price ceilings, causing the adoption of take 
obligations in excess of optimal levels.’ 
Whether a policy to reduce “excessive” take 
provisions to ex post optimal levels can be 
justified on the basis of regulatory inter- 
ference depends on the regulatory environ- 
ment expected to govern the development of 
future gas reserves. 

Section I develops these arguments and 
applies them to contracting in the natural 
gas industry. Section II presents an empirical 
test of the model employing actual data on 
producer-pipeline contracts and well char- 
acteristics. 


2As Canes and Norman note, E. M. Carney (1978) 
discusses the use of take-or-pay provisions in coal con- 
tracts. Similar arrangements also appear in other con- 
tracts as minimum bill provisions. 

3 Except where explicitly noted, we will be referring 
throughout the paper to private optimality in exchange 
between a buyer and a seller. The social efficiency of any 
contractual provision depends upon whether private val- 
uations are distorted from social valuations by the ex- 
istence of externalities or other factors. We show here 
that the presence of price regulation does not in and of 
itself justify the abrogation of take-or-pay obligations. 
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I. Performance Incentives in 
Long-Term Contracts 


Once a transaction-specific investment has 
been made, only imperfect market alterna- 
tives exist and both the buyer and seller are 
locked into a bilateral monopoly relation- 
ship. To prevent contention over the result- 
ing quasi rents from dissipating too large a 
portion of the gains from trade, the parties 
may try to secure a mutually advantageous 
distribution through a contract, the duration 
of which will depend in part on the durabil- 
ity of the associated investments. In in- 
dustries with particularly durable capital, it 
is not uncommon to observe. contractual 
agreements that extend for ten years or 
more.* l 

Over such ‘long horizons, the need for 
adaptation to changing circumstances, and 
hence the desire for flexible arrangements, 
may be substantial. But a tradeoff generally 
exists between the flexibility provided for in 
a contract and the ease with which it can be 
implemented: a single contractual stipulation 
is relatively straightforward for courts to en- 
force in comparison to multiple contingent 
claims which require that both the parties 
and the courts establish the state that has 
actually transpired. Thé more provisions 
stipulated, the greater the scope for both 
honest misinterpretation and intentional de- 
ception, and thus the greater the likelihood 
of a dispute requiring costly adjudication. 

To minimize these costs, the parties will 
wish to stipulate terms that do not require 
court verification of exogenous events. Ac- 
cordingly, contracts usually employ unila- 
teral options rather than contingent clauses 
to accommodate adaptation. The goal is to 


4Victor Goldberg and John Erickson, for instance, 
note that in their sample, “Nine of ten contracts...in- 
volving new [petroleum] cokers were for a period of at 
least ten years” (1982, p. 10). Coal contracts are of 
similar duration (Carney, p. 197). Also see below. 

>The notion of a unilateral option is analogous to the 
self-selection behavior often observed in theoretical 
models of bargaining in an environment of asymmetric 
information (see, for example, Milton Harris and Robert 
Townsend, 1981). i 
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design contracts in ways that reconcile the 
exercise of such options with joint profit- 
maximizing behavior.® 

The adoption of take-or-pay provisions in 
long-term contracts can be usefully inter- 
preted in this light. Fluctuations in demand 
or costs may make it unprofitable or even 
inefficient to carry out the original objectives 
of a contract. By altering incentives to accept 
or reject delivery, take provisions can induce 
buyers to release investments to their alter- 
native uses only when it is efficient to do so. 


A. Natural Gas Production and Contracting 


These considerations bear directly on the 
organization of production and exchange in 
the natural gas industry. Most natural gas is 
purchased by pipelines from independent 
producers for distribution to customers in 
regional markets. Like oil production, the 
extraction of gas requires large, durable, lo- 
cation-specific investments in facilities and 
equipment. However, unlike the field market 
for oil which is characterized by a func- 
tioning spot market, gas sales tend to be 
governed by extended contracts averaging 
fifteen to twenty years in length. This dis- 
parity in contractual structures governing 
commodities that are so closely related in 
production technologies may be traced to 
differences in transmission alternatives. 
Whereas pipelines represent virtually the only 
economically feasible form of transportation 
for gas, oil may be transported by truck or 
barge as well as by pipeline, thereby reduc- 


éThat joint profit-maximizing behavior does not al- 
ways coincide with the private incentives of the parties 
to an exchange is a familiar proposition: 


...joined as they are in an idiosyncratic condition of 
bilateral monopoly, both the buyer and seller are stra- 
tegically situated to bargain over the disposition of any 
incremental gain whenever a proposal to adapt is made 
by the other party. Although both have a long-term 
interest in effecting adaptations of a joint profit-maxi- 
mizing kind, each also has an interest in appropriating 
as much of the gain as he can on each occasion to adapt. 
Efficient adaptations which would otherwise be made 
thus result in costly haggling or even go unmentioned, 
lest the gains be dissipated in costly subgoal pursuit. 

(Williamson, p. 242] 
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ing the extent to which oil producers are 
locked into a bilateral relationship.’ 

Uncertainty regarding future market con- 
ditions can make it hazardous to commit 
resources contractually to a particular appli- 
cation, however. For example, in the face of 
a decline in gas demand, it may become 
more economic to sell gas to an alternative 
pipeline (if the decline is regional) or to store 
it for future use (if the decline is economy- 
wide). Since uncertainty increases with the 
distance of the relevant horizon, the need to 
provide for adaptation is most acute in longer 
term agreements. The prevalence of take-or- 
pay clauses in both long-term coal and gas 
contracts is consistent: with this reasoning. 
Take obligations encourage efficient adapta- 
tion by relating the payment schedule in a 
contract to the alternative values of the re- 
sources either in sale to alternative customers 
or in storage for future use. 

Alternative sale values of a product in 
transaction-specific relationships are limited 
by the design and location of specialized 
investments. For natural gas, the most im- 
portant determinant of that value is the 
number and proximity of alternative pipe- 
lines. The fewer the connections to pipelines, 
the less likely that a producer will be able to 
dispose of gas at a price comparable to that 
in the original contract. In the extreme, the 
sale of gas to an alternative customer may 
require the construction of costly new trans- 
mission facilities.® 


7A more complete discussion of oil field markets and 
how they differ from those of gas is given in S. L. 
McDonald (1971). ` 

Alternative sale possibilities are sometimes governed 
by the particulars of the supply contract between a 
producer and a pipeline. Often, the contract governs 
only a portion of the well’s output, which is sold to the 
contracting pipeline on a first refusal basis. In other 
cases, particularly, when the field is served by a single 
pipeline, the entire output of a well is “dedicated” to a 
particular pipeline for the life of the contract. When gas 
demand is low, however, pipelines have little incentive 
to enforce these dedication clauses. Indeed, given the 
present surplus, many pipelines are attempting to re- 
negotiate their purchase obligations downward and 
would welcome sale to alternative buyers (see D. Nor- 
man, 1984). 
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_ Because of this, and the fact that the de- 
mand for energy resources often fluctuate on 
a nationwide basis, the best alternative em- 
ployment for both coal and gas is often to 
store it for future use. Since the product can 
usually be left in the field, storage is gener- 
ally less costly for the producer than the 
customer. The resource value of stored gas 
may be diminished, however, by the proxim- 
ity of other wells: gas not extracted may be 
drained away by other producers operating 
in the same field. To attenuate the problem 
of competitive extraction and protect land- 
owners from drainage, the primary gas-pro- 
ducing states have instituted well-spacing 
rules and prorationing of output among the 
wells in a field.? The prorationing formulae 
generally used assign each producer an inter- 
- est in the field based on surface ownership 
and well deliverability. Gas demand is di- 
vided among the various producers by the 
assignment of production allowables based 
on each producer’s interest in the field. 

But such intervention, while mitigating the 
drainage problem, does not eliminate it. The 
formulae are, at best, imprecise rule-of-thumb 
estimates of gas location relative to surface 
ownership. Moreover, a production allow- 
able conveys only the opportunity, not the 
guarantee, to produce a given amount of gas 
in a specified period of time. An operator 
who is unwilling or unable to produce his 
allowable faces the prospect of drainage to 
those who do.!° Consequently, most gas pro- 
duction remains governed by the Rule of 
Capture: “Possession of the land...is not 
necessarily possession of the gas. If an ad- 
joining, or even distant, owner drills on his 
_ own land, and taps your gas, so that it comes 
into his well and under his control, it is no 


°Gas and oil prorationing differ in several significant 
respects, reflecting the greater importance of extraction 


rates on the amount of oil that is ultimately recoverable. | 


For a more complete discussion, see R. E. Sullivan 
(1955). 

1°Both Texas and Oklahoma have attempted to en- 
sure that producers are equally able to sell their allow- 
ables by requiring pipelines to purchase ratably (accord- 
ing to each producer’s interest) from their suppliers in a 
field. However, other states do not require ratable take 
(Sullivan, p. 348), nor does this approach preclude 
disproportionate purchases by different pipelines. 
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longer yours, but his.” 1 


In general, the desirability of gedllocauae 
resources away from their intended use de- 
pends critically on their value in alternative 
applications. In the case of gas, the ap- 
propriate take obligation in each instance 
will depend on the nature of the well and its 
relation to other wells, piplines, and markets. 


B. Take-or-Pay and Breach of Contraci 


To illustrate these concerns, consider the 
telationship between a pipeline (or buyer) 
and producer (or seller) of natural gas, both 
of whom are assumed to be risk neutral. 
After gas has been discovered but prior to 
investing in production and transmission 
facilities, the parties write a contract specify- 
ing a capacity level and the terms under 
which the product is to be exchanged in 
subsequent periods. The value of this capac- 
ity to the pipeline depends upon such things 
as weather patterns, economic fluctuations, 
and the prices of alternate fuels, all of which 
are uncertain at the time the contract is 
written and the well drilled. If we let @ 
represent this uncertainty, and define 

v(@) = the value of the well to the pipe- 
line, net of transmission costs and gross of 
payments to the producer; and 

= the payment made by the pipeline 
to the producer for a contractually specified . 
quantity of gas; 


then, once @ is revealed, the pipeline and the 
producer would receive v(@)— y and y, re- 
spectively— if the exchange takes place: for 
low values of @, and hence of v, the pipeline 
would wish to breach the contract with the 
producer. Specifically, the pipeline weuld 
wish to discontinue deliveries whenever v(0> 
< y.!? Were this to occur, the pipeline would 


Westmoreland and Cambria Natural Gas Company 
a. Dewitt, 130 Pa. St. 235, 18A. 724, 725 (1889). 

2For analytical tractability, we consider a model in 
which gas deliveries are discontinued in a discrete fash- 
jon; ie., the purchaser either “takes” the gas at the 
contract price, or else “pays” the contractually specified 
percentage of the full obligation and releases all of the 
gas contracted for to its alternative use. With a few 
exceptions, the continuous analog to this model in which 
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then earn no net return,’ and the producer 
would seek the next highest value of his 
capacity, s(«), which is a function of well 
attributes, a. 

Since efficiency requires that gas be used 
in its highest value, breach would in fact be 
efficient if s(a)>v(@). But for s(a) < v(@) 
< y, the pipeline would wish to breach even 
though it would be inefficient to do so. Fig- 
ure 1 depicts the ranges of v(@) for which 
the buyer would wish to breach and for 
which breach would be efficient. In general, 
there is a tendency, as illustrated in the di- 
agram, for breach to occur too frequently in 
unsecured agreements. 

The pipeline could, however, be induced 
to reject delivery efficiently by imposing a 
penalty for nonperformance, ô= y-— s(a). 
This penalty, known as “expectation dam- 
ages,” is commonly employed by the courts 
and would normally apply to gas contracts 
in the absence of a stipulated take obliga- 
tion.'4 If the courts always and unerringly 
chose this award, there would be little need 
to stipulate damages in the contract. But the 
uncertainty associated with judicial rulings 
encourages costly litigation. By stipulating 
damages, the parties avoid the costly process 
of determining the appropriate penalty in the 





the buyer may gradually decrease the quantity of gas 
taken from the producer yields the same qualitative 
results. 

13 By no net return, we mean zero revenues, Note that 
a pipeline’s willingness to fulfill the terms of a contract 
may also depend on the opportunity to purchase alter- 
native low-cost gas supplies. In that case, his return in 
the event of breach would be max{0,8} where D is his 
net revenue from the alternative purchases. This possi- 
bility does not affect the optimal breach penalty dis- 
cussed below. 

14 The efficiency of the expectation damage has been 
demonstrated elsewhere; see, in particular, J. H. Barton 
(1972), and Steven Shavell (1980). Richard Pierce (1983) 
has noted that under the Uniform Commercial Code, a 
pipeline would be liable to a producer for “the dif- 
ference between the market price and the contract price 
of the gas available but not taken” (p. 79), precisely the 
penalty described above. Note that take provisions only 
address the problem of buyer breach, and as such are 
only adopted where the principal source of uncertainty 
is on the demand side of the transaction, a condition 
true of both coal and gas production. In practice, parties 
must base their choice of ô on the conditional expecta- 
tion of s(a} in the event of breach. 
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courts, and rejection of deliveries becomes 
an option that may be unilaterally invoked 
by the purchaser. 

Since the optimal penalty for breach de- 
clines as a well is depleted, gas contracts 
usually express the penalty for refusing de- 
livery as a fraction of reserves or deliverable 
capacity. In that way, the penalty obtaining 
in each successive period covered by the 
contract adjusts automatically to the declin- 
ing level of remaining reserves. Written as a 
percentage, y, of the contractually specified 
payment, the penalty described above be- 
comes 


(1) y=1—s(a)/y. 


Since y must be at least as great as s(a) to 
cover the fixed costs of production and in- 
duce the producer to enter the contract with 
the pipeline, the optimal take percentage will . 
be nonnegative. As a rule, s(«) will equal y 
only when the producer can sell his output to 
another pipeline that comparably values the 
gas, which is unlikely unless the producer is 
already connected to several pipelines. At the 
other extreme where gas has no alternative 
value to the producer, the optimal take per- 
centage is 100 percent, which would be the 
case, for example, were all of the gas drained 
away by nearby wells if not extracted by the 
producer himself. 


C. The Effects of Regulation 


In general, contract terms perform two 
functions. First, they permit parties to estab- 
lish a division of the gains from trade that 
allows both to cover fixed costs; and second, 
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they determine the performance incentives in 
force during execution of the agreement. 
When contract terms are freely set, transfers 
-between the parties prevent distributional 
considerations from interfering with the 
choice of incentive structures. 

Thus far we have seen that take obliga- 
tions serve the second of these functions, and 
that buyers and sellers may have an incentive 
to specify such terms even in the absence of 
regulation and risk aversion. The presence of 
price controls, however, may distort those 
incentives. In the case of natural gas, well- 
head price restrictions prohibit certain divi- 
sions of gains and create an excess demand 
for gas production capacity. As a result, pro- 
ducers may engage in nonprice competition 
for capacity through the choice of contract 
terms. In that regard, raising take obligations 
will, ceteris paribus, increase the amount the 
seller receives when the buyer rejects de- 
livery, thereby raising the expected value of 
the contract to the seller.” By setting a take 
percentage greater than the optimal level, the 
parties in effect sacrifice some efficiency in 
performance incentives in order to achieve a 
higher level of investment. The take per- 
centage that would be chosen in a regulated 
transaction becomes 


(2) y=1—s(a)/y+D, 


` where D> 0 reflects the excess demand in- ` 


duced by the presence of binding price con- 
straints.'© 


15Because an increase in y both raises the amount 
paid in the event of breach and reduces the number of 
states in which breach occurs, it is possible that beyond 
some point an increase in y could, depending on the 
distribution of 8, reduce the expected value of the 
contract to the seller. In equilibrium, however, more 
restrictive price ceilings lead unequivocally to higher 
take percentages on the margin (see our 1984 working 
` paper). 

16The additive form of equation (2) follows directly 
from the model in our earlier paper where we char- 
acterize efficient contracts between a producer and a 
pipeline. The choice of y in an efficient contract is 
shown to be a second-best response to the existence of a 
regulatory price ceiling. 
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If. Empirical Results 


_ Here we employ data on natural gas pro- 
ducer-pipeline contracts and associated well 
attributes to test the relationship charac- 
terized by equation (2), which we rewrite for 
estimation purposes as 


(3) ¥,=1—s(a;)/y, + ED; 


where ¢ is a coefficient measuring the effects 
of excess demand, D,, on take percentages. 
Prior to estimating this relationship, we de- 
scribe the data used in the estimation and 
construct a proxy for D,. 


A. Gas Contracts and Well Characteristics 


The data used for this study were obtained 
from several sources. Information regarding 
price and take obligations was obtained from 
a survey (EIA-758) conducted by the Energy 
Information Administration (EIA) in 1982. 
Through this survey, the EIA obtained de- 
tailed data on 659 contracts governing the 
interstate sale of natural gas from 615 wells 
located in the lower 48 states. The contracts 
included in the survey were randomly selected 
from post-1978 wells which qualified for in- 
centive pricing under Sections 102, 103, 107, 
and 108 of the Natural Gas Policy Act 
(NGPA, 1978). Since the data were ob- 
tained in disaggregated form, we were able 
to examine the relationship between take 
obligations and well characteristics on a 
well-by-well basis. 

Information on the characteristics of the 
wells governed by these contracts was ob- 
tained independently from records at the 
EIA. Data availability reduced the sample to 
approximately 300 contracts governing on- 
shore gas priced under NGPA sections 102 
(“new” ‘natural gas), 103 (“new” onshore 
production wells), and 107 (“high cost” gas 
from deep wells, tight sands, Devonian shales 
or geopressurized brine). 


17For a more complete explanation of the survey 
methodology, see EIA, “Natural Gas Producer/Pur- 
chaser Contracts...” (1982). 
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The variables employed in the estimations 
are: 

y; = the contractually specified take per- 
centage for a contract covering gas produced 
from well i; 

Pp; = the applicable price ceiling (if any) 
for this gas in October 1981; 

p? = the actual contract price for the gas 
in October 1981; 

D,=a measure of excess demand for 
gas from well i; 

DEPTH, = the depth in feet of well i; 

BUYERS, = the number of indepen- 
dent pipelines serving the gas field tapped by 
well i; 

SELLERS, = the number of indepen- 
dent producers operating in the correspond- 
ing field; 

HERF, =the Herfindahl numbers equiv- 
alent for the concentration of pipelines in the 
FERC gas region corresponding to well i, 


=E (R/T; 


where R, is the dedicated reserves of inter- 
state pipeline ¢ in FERC gas area i, T; is the 
total amount of reserves dedicated to inter- 
state pipelines in the gas area, and the sum- 
mation is taken over all of the interstate 
pipelines with reserves in the gas area.'® 


B. Excess Demand 


As a proxy for the effect of a price ceiling 
on the demand for gas, let 


D,= pe~p, if pP=B; 
=0 if po <3, 


181m order to construct a pipeline, the Natural Gas 
Act (1938) requires that the transmission company ob- 
tain a certificate of public convenience and necessity 
from FERC. One requirement is that the transmission 
company demonstrate “adequacy of reserves”; ie., a 
sufficient supply of gas to keep the pipeline in operation. 
As a result, gas reserves are often contractually “dedi- 
cated” to individual pipelines. Thus one indicator of the 
proximity and capacity of pipelines in a geographical 
region is the number of pipelines that have dedicated 
reserves in the area and the relative size of those re- 
serves. The information used to compute this measure 
was obtained from EIA, “Gas Supplies of Interstate 
Natural Gas Pipeline Companies—1980,” (1980). 
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where př is the price that would have ob- 
tained for well i in the absence of price 
constraints, and p; is the applicable price 
ceiling. Thus, if the constraint on price is not 
binding, D,=0, and y is affected only by 
s(a). If the ceiling is binding, however, D 
measures the difference between the uncon- 
strained and ceiling prices. 

Since p* cannot be observed for p* > p,, 
we employ maximum likelihood techniques 
to construct an estimate for this variable. 
Where the observations of the dependent 
variable are truncated, as is the case here, 
Tobit is an appropriate estimation proce- 
dure.!° In particular, suppose that p* =aW, 
+ e, where W; is a vector of well characteris- 
tics affecting p*, and e; is normally distrib- 
uted with zero mean and variance o?. Then 
the observed price in a contract covering well 
i would be 


p?=pă, if pi <P, 


=p, if pf > pj. 
The likelihood function of the ith observa- 
tion is 


L,=f(aW,) if P? < Pa 


=1-F(aW,) if p?=5,. 


Estimates for p* are derived by maximiz- 
ing the likelihood function, 


N 
A;=[]L;, 
1 


with respect to a and 0°. 

Results of the estimation of p* are re- 
ported in Table 1. The price at which gas is 
exchanged in an unregulated transaction de- 
pends upon the costs of drilling and connect- 
ing the well to a pipeline, as well as on the 
relative bargaining positions of the transac- 
tors. In general, one would expect drilling 
costs, and hence price, to be positively re- 


_ lated to the depth of the well. Also, a large 


19See, for example, G.S. Maddala (1983). 
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TABLE 1—ESTIMATION OF p* 


Variable Coefficient T-Ratio Mean 
CONSTANT 1.0623 10.890 1.000 

DEPTH .27465 x107? 4.4689 10368. 
HERF 35661 2.7472? 4.8687 
BUYERS 34237 2.6665* 4.5709 
SELLERS — 06202 —2.4156 9.3041 


Chi-square: 403.333 with 4 degrees of freedom® 
Number of observations: 296 
Proportion of observations for which p? < p: .1757 


*Indicates significance beyond the .01 level. 
Indicates significance beyond the .05 level. 
“Indicates significance beyond the .001 level. 


number of buyers and sellers in a particular 
gas field would tend to undermine the re- 
spective group’s bargaining position, with 
corresponding effects on price. In addition, 
to the extent that connection costs are re- 
duced by the proximity of transmission lines, 
increases in the concentration of pipelines 
serving an area should also raise the value of 
the transaction. The availability of alterna- 
tive pipelines depends both on their number 
and transmission capabilities. The Herfin- 
dahl measure defined above provides a proxy 
for the proximity of pipeline capacity to a 
particular well. 

As can be seen from Table 1, the coeffi- 
cient on each of the variables has the ex- 
pected sign and is significant beyond the .05 
level. 


C. Take-or-Pay Percentages 


We may now turn to estimating the effects 
of alternative values and excess demand on 
take percentages. To derive an estimate of 
s(a), the alternative value of a well, recall 
that this value will be the maximum of two 
alternatives: the resource value, which is the 
discounted value of the gas if left in the 
ground to be sold at a later date less losses 
due to drainage by other wells; and the sale 
value, which is the net value of the gas from 
sale to another pipeline. 

Letting X, be a vector of attributes affect- 
ing the resource value and Z, a vector af- 
fecting the sale value, the expected value of 
the gas in an alternative use may be repre- 
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sented as 
s(a;) = (B,X;+ 8,Z;)q;, 


where q; is the capacity of well i, and B, and 
B, are coefficient vectors.”° 

Substituting into equation (3) and adding 
an error term, ¢,, yields 


(3’) 1 pZ B +D, + 
i ¥=1—B,— — Baw iv E 
eee 3 


The theory of the preceding section pre- 
dicts that well characteristics, X and Z, 
which raise (lower) the alternative value of 
developed capacity should lead to a decrease 
(increase) in the size of take obligations, and 
thus implies negative (positive) values of the 
corresponding coefficients in 8, and £. 
Meanwhile, we would expect that the more 
constraining the price ceiling, that is, the 
greater p* — p,, the larger should be y; im- 
plying $> 0. 

In determining the resource value of the 
gas, the larger the number of sellers in a 
field, the greater the drainage that would 
occur if a producer were forced to “shut in” 
his supplies, and hence, the lower this alter- 
native value. The alternative sale value in 
turn would be expected to increase with the 
availability of alternative purchasers as mea- 
sured by the number of buyers in the field 
and the number of pipelines in the region. 
Hence, BUYERS and HERF should both 
raise the expected alternative value of a well, 
implying a lower take percentage, and 
SELLERS should reduce s(a) and raise y. 

The ordinary least square (OLS) estimates 
of (3’) are presented in Table 2. (The prefix § 
on a variable indicates that it has been di- 
vided by price, see equation (3’). Also note 
that y is expressed in percentage terms rather 
than as a fraction.) Each of the coefficients in 
this regression has the predicted sign and is 


20Tt would be possible to estimate s(a) as the maxi- 
rium of its resource and sale values using switching 
regression techniques (see Maddala). We have chosen 
instead to let well characteristics affect the expected 
value of s(a) additively for its relative computational 
ease. 
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TABLE 2-—— ESTIMATION OF TAKE OBLIGATIONS 


Variable Coefficient T-Ratio Mean 
CONSTANT 82.0822 43.6650 ` 1.000 

SSELLERS 4833 2.0927* 3.9819 
SBUYERS — 1.3136 —1.7589" 2.1080 
SHERF — 8646 —1.7929 2.3270 
REGCONST (D) 1.85132 3.9956° 2.8897 


F: 13.24079 with 4 and 294 degrees of freedom® 
Number of observations: 299 
R? = 1526 


*Indicates significance beyond the .05 level. 
Indicates significance beyond the .1 level. 
“Indicates significance beyond the .001 level. 


statistically significant beyond the 10 percent 
level. The evidence is thus consistent with 
the hypothesis that take percentages are de- 
signed to influence adaptation in long-term 
contracts and, in particular, are negatively 
related to the alternative value of gas re- 
serves. Moreover, price ceilings seem to have 
the predicted effect on take provisions, rais- 
ing the percentage paid for nondelivery. The 
findings indicate that, at the mean, a 1 per- 
cent decrease in the price ceiling will lead to 
a 6 percent increase in the take obligation. 
For the mean values of the independent vari- 
ables, the regulatory price ceiling increases 
the predicted take obligations from 79 to 85 
percent. 


TI. Conclusions 


The results of this paper suggest that the 
incentive to provide flexibility in long-term 
contracts is an important consideration in 
the design of contract terms, and that the 
nature of those terms can be predicted on the 
basis of characteristics of the transaction. In 
particular, we have identified an efficiency 
motivation for the inclusion of take-or-pay 
provisions in long-term agreements: take ob- 
ligations induce purchasers to release output 
to alternative uses only when it is efficient to 
do so. These incentives may be distorted, 
however, by the existence of regulated price 
ceilings. In the case of natural gas, govern- 
ment regulation of wellhead prices appears 
to have caused nonprice competition in take 
obligations leading to higher percentages than 
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would prevail in the absence of such regu- 
lation. 

Empirical tests presented in the paper sup- 
port the hypotheses of the model. Take per- 
centages are significantly lower for wells as- 
sociated with small numbers of sellers and 
large numbers of buyers, each of which raise 
the alternative value of the gas, a result 
which seems to apply more generally: E. M. 
Carney, for example, has noted that, in coal 
contracts, “If...the coal mine has no access 
to other markets, the seller obviously has 
more need for a take or pay clause than he 
would otherwise”; while, on the other hand, 
“If the seller can get his product to other 
markets, the take or pay provision is often 
tempered to reflect that fact” (p. 226). 

The evidence presented here refutes the 
common perception that take-or-pay provi- 
sions are soley an artifact of wellhead price 
regulation and hence serve no useful purpose 
in the absence of regulation. Providing that 
externalities do not result in a divergence of 
private and social valuations,” take obliga- 
tions contained in contracts written in unreg- 
ulated environments provide for efficient 
adaptation to changing circumstances in long- 
term contractual relationships. Whether a 
policy to reduce excessive take provisions to 
ex post optimal levels should be advocated 
on the basis of regulatory interference de- 
pends upon both the current regulatory status 
of the gas covered by the contract and the 
regulatory environment expected to govern 
the sale of gas discovered in the future. For 
example, if the gas under consideration has 


2lVW/here a field is exploited by a single producer, the 
gas production process involves no obvious externalities. 
With more than one operator, however, gas not sold by 
one producer may be captured and profitably marketed 
by other producers in the same field. In that event, the 
social value of “shut in” gas is apt to exceed the value of 
that gas to the original producer, leading to the adoption 
of take provisions in excess of socially optimal levels. To 
the extent that the drainage problem is exacerbated by 
the number of sellers in the field, the results in Table 2 
suggest that take percentages are raised by less than 
one-half of 1 percent above the socially optimal level for 
each additional producer in a given field. This implies 
that, on average, take percentages exceed their socially 
optimal levels by less than two percentage points due to 
the externalities associated with competitive extraction 
from a common pool. 
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been deregulated and deregulation is ex- 
pected to continue in the future, the possibil- 
ity of private bilateral renegotiation obviates 
the need for intervention. With the removal 
of the price ceiling, the efficiency gains aris- 
ing from the reduction of take obligations 
can be distributed between the buyer and 
seller through price adjustments, effecting a 
true Pareto improvement.” 

Contract terms should also be upheld for 
categories of gas that currently remain regu- 
lated if price regulation is expected to be 
extended into the future: the precedent 
established by a reduction of take per- 
centages from the second-best levels stipu- 
lated in the contracts could seriously distort 
capacity investment decisions for future 
wells. On the other hand, if future dis- 
coveries are expected to be sold in an unreg- 
ulated environment, the efficiency gain from 
a one-time reduction in take obligations is 
not offset by adverse precedential effects on 
future investment. In this event, a prima 
facie case can be made for intervention to 
reduce take obligations to levels consistent 
with efficiency absent regulation. However, 
these potential benefits must be weighed 
against the ability of the government to in- 
tervene advantageously. Inasmuch as opti- 
mal take percentages depend upon character- 
istics of individual wells, effective interven- 
tion would require well by well adjustments. 
Given the government’s previous record on 
well-specific regulation (see fn. 1), the practi- 
cality of this solution is in doubt. 


While such renegotiation is certainly not costless, it 
is likely to be less expensive and more precise than 
either judicial or legislative intervention. 
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Mines and Migranis in South Africa 


By ROBERT E. B. Lucas* 


Between 1971 and 1978, wages of more 
than one-half million nonwhite laborers in 
the South African mines tripled in real terms. 
In the same period, the nonwhites employed 
` in the mines switched from being 62 percent 
foreign to 62 percent domestic.1. These 
changes followed a period—from 1911 to 
1971—-during which real wages of black gold 
miners did not rise, and terminated almost a 
century of reliance on foreign labor “re- 
serves” for the majority of such labor.” 

These dramatic events are examined here 
in the context of an econometric model of 
the demand for labor by the South African 
mining sector from 1946 to 1980. This affords 
an unusual opportunity to study the demand 
side of a market for internal and interna- 
tional migrants, in a society where racial 
discrimination is formalized in the apartheid 
system, where powerful mining houses wield 


potential monopsony power, and where po-. 


litical factors in the region are major deter- 
minants of economic behavior. 

To comprehend the derived demand for 
workers in this sector, it is essential to out- 
line at least certain aspects of the industry’s 
organization and that of the market for labor; 
this is undertaken in Section I. Section II 
` develops a stylized model, which is then 
estimated, from data described in Section 
HI, for the gold, diamond, coal, and other 
minerals sectors separately in Section IV. 


*Associate Professor of Economics, Boston Univer- 
sity, Boston, MA 02215. Too many people have contrib- 
uted to this work through interviews and discussions to 
mention and thank each individually—to all I am most 
grateful. The initial phase of this study was supported 
by the International Labour Organization, but opinions 
and interpretations herein expressed are mine alone. 

1“ Nonewhite” comprises those designated black, col- 
ored, and Asian. The term “domestic” (or South Afri- 
can) includes the several black states or homelands, such 
as Transkei and Bophuthatswana. 

2See Francis Wilson (1972), W. J. Breytenbach (1979), 
and Merle Lipton (1980). 
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I. Organization of the Mine Labor Market 


Ninety percent of the 700,000 workers em- 
ployed in the South African mines in 1980 
were nonwhite. Most were employed in mines 
affiliated with the Chamber of Mines, one of 
whose chief functions is to organize hiring 
and wage policy for the sector. For example, 
the Chamber—an organization of employers 
without government or labor representation 
—for many years imposed on members a 
“maximum permissible average” wage they 
might offer nonwhites and today effectively 
imposes a minimum also. Almost all gold, 
diamond, and coal production (employing 
431, 19, and 80 thousand nonwhites, respec- 
tively, in 1980) is by mines affiliated with the 
Chamber. Some extraction of other minerals 
(employing 109 thousand nonwhites) is also 
by affiliated mines and several of the non- 
affiliated mines are owned by the half-dozen 
mining houses that dominate the Chamber. 
Nonwhite labor is recruited for members of 
the Chamber by licensed agencies; the largest 
of which is now called The Employment 
Bureau of Africa (TEBA). Although the di- 
amond sector is affiliated with the Chamber, 
it is not a member for labor purposes and 
this has had profound effects for wages in 
this sector to be explored later. Moreover, 
only one mine in the other minerals sector 
employs TEBA to recruit its labor. Natu- 
rally, the centralization of hiring in recruiting 
agencies, subject to the decrees on wages set 
by consent in the Chamber, places the in- 
dustry in a potentially monopsonistic posi- 
tion if faced with an upward-sloping supply 
of labor. 

Foreign workers are hired on contracts 
varying in length from six months to two 
years, according to country of origin. None 
is permitted to bring his family with him and 
at the end of their contract, workers are 
required to return to their own country. Not 
surprisingly this system—designed in part to 
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allow men to return for ploughing and con- 
sequently not put pressure on wages by 
rendering the family entirely dependent on 
mine earnings, and partly to avoid more 
permanent settlement of foreign blacks albeit 
without their families—generated very high 
turnover rates of labor in the sense of workers 
not returning from their compulsory home 
visit. Until the mid-1970’s, black workers 
could not elect to quit a contract (illegal 
quitters being termed deserters); that is, 
not until a boycott by American unions of 
South African coal imports, on the grounds 
they were produced by indentured labor, 
prompted the abolition of the “master and 
servants” acts. Since then, the fixed-period 
contracts have, of course, dwindled in impor- 
tance though nominally they still exist. 

In 1973, Malawi and Mozambique were 
the two largest suppliers of foreign labor, 
providing 39 and 27 percent, respectively. In 
1974, President Hastings Banda cut off fur- 
ther recruiting of mine workers from Malawi 
—ostensibly because of a plane crash that 
was full of recruits. Since miners from Malawi 
were recruited on two-year contracts, the 
effect took two years to work through, but 
the number of Malawians employed in the 
mines fell from 140,000 in 1974-to 2,000 in 
1977. At almost the same instant, the 
FRELIMO government. finally succeeded in 
ousting the Portuguese. Whether the subse- 
quent sharp decline in Mozambican recruits 
refiected the demands of the South Africans 
or exigencies of the new regime remains a 
matter of debate (see Ruth First et al., 1977). 
But overall there existed, after 1974, an ex- 


cess supply of foreign workers as mine wages . 


rapidly doubled and tripled. In Botswana 
and Lesotho, many experienced .men are 


turned away. Very few foreign novices are ` 


now taken and even current, experienced 
workers are generally only rehired after their 
compulsory annual home return if issued 
_ with a Valid Reengagement Certificate 
(VRC). The VRCs are issued to about 70 
percent of workers, subject to “good” perfor- 
mance, but obviously the rate of issuance 
may be varied to control numbers. Thus, 
when Malawi again lifted the ban on recruit- 
ing in 1978, an excess supply of Malawian 
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recruits emerged for a now limited number 
of openings. 

South African black workers are broadly 
bifurcated into those with and without sec- 
tion 10 rights.” Those without must return to 
their designated homeland each year and 
must leave their family behind while work- 
ing in a white prescribed area. Section 10 
workers are on average better trained, more ur- 
banized, and better educated in a society 
where educational policy towards blacks has 
handicapped industry through lack of skilled 
labor. In 1970, average earnings of non- 
whites in manufacturing were exactly three 
times those in gold mining. Combined, with 
atrocious working conditions, the social 
stigma attached to mining in South Africa, 
and the separation from family and potential 
loss of section 10 rights ensuant upon reloca- 
tion, this meant mining attracted virtually no 
section 10 workers who naturally preferred 
manufacturing. Employers in manufacturing 
also preferred section 10 workers because of 
their skills and because they were required to 
hire labor within their own Labour District 
rather than importing domestic or foreign 
migrant workers. 

The labor force without section 10 rights 
faces four alternatives: to gamble on being 
allocated a manufacturing job through the 
Labour Bureaux; to squat as an agricultural 
worker at a rate of pay which for regular 
employees even in 1969 was well below the 
mining wage; to practice subsistence farming 
on the exceedingly poor lands alloted to non- 
whites; or to be recruited by TEBA for min- 
ing. As mine wages rose in the 1970’s, the 
last alternative became relatively more at- 
tractive, although wages in agriculture and 
manufacturing, and employment in the latter 
also rose somewhat. For example, the Zulus, 
whom recruiters believed would never work 


3“Section 10” refers to section 10 of the Bantu Urban 
Areas Act of 1945, which prohibited blacks from re- 
maining in the “white” areas for more than 72 hours 
unless they had resided there continuously since birth, 
had worked continuously for the same employer for 10 
years, or for more than one employer for 15 years. See 
Lipton, who reports that 42 percent of black workers 
have section 10 rights. 
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below ground, now do so. Indeed, by 1979, 
even South African labor was in excess supply 
to mining. In large part, this is attributable 
to forced relocation of massive numbers of 
squatters from white farms to homelands in 
the late 1970’s, nominally for security rea- 
sons, expanding the pool available to mining 
and rapidly diminishing the marginal prod- 
uct in subsistence farming. 

Unlike nonwhites, white mine workers 
have been unionized throughout this period, 
and average earnings of whites in gold min- 
ing in 1970 were over 20 times greater than 
those of nonwhites. Under the apartheid 
system a rigid color bar is imposed on access 
to certain occupations, a regime vehement- 
ly defended by the (white) Mine Workers’ 
Union. Even so there has been some rea- 
lignment of job tasks within occupations, a 
part of which was formalized in an agree- 
ment between the mines and the Mine Work- 
ers in 1973, but which has progressed infor- 
mally since. 

The 1970’s also witnessed unprecedented 
increases in mineral prices. After 1971 the 
producer price of gold began to rise relative 
to the South African cost of living index. By 
1974, the real price was 2.9 times the 1971 
level and by 1980 the increase was 6.7 fold, 
though the path was not monotonic in the 
interim. Over the same period, real diamond 
prices increased 2.7 times, though 1980 prices 
remained below the 1946-51 average in real 
terms, 1971 having been the low point in a 
steady decline. Coal prices are regulated in 
three categories: the price paid by the electri- 
city authority is negotiated bilaterally; sales 
to the remaining domestic market are at 
administered prices; and exports fetch a 
much higher price but are effectively limited 
by port facilities. The average producer price 
of coal rose only gradually in real terms from 
1946 to 1973, then increased 2.4 fold by 1979 
as the administered price was raised. Prices 
of other minerals in 1980 were on average 
about equal to those in 1969 in real terms, 
though a very slight rise occurred in between, 
and remained well below the real prices pre- 
vailing in the Korean War era. 

Finally, before turning to the model, some 
of these elements may be pulled together to 
emphasize the sequence of events. Apart from 
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diamonds, the rest of the mining sector 
behaved fairly uniformly from 1946 to 1971. 
After 1971, the Chamber decided to begin 
taising wages of nonwhites, linking this with 
stabilization of the labor force in the sense of 
reduced turnover.* The motivations for rais- 
ing wages initially were at least threefold: a 
concern for the publicity in both the domes- 
tic and world press being given to the very 
low wages then paid; an efficiency wage 
argument, enhancing productivity through 
nutrition and health, the prevailing rates 
often being described as starvation wages; 
and the hope of reducing turnover and at- 
tracting more skilled workers. In an inher- 
ently dangerous industry, and one where 
security from theft (especially in diamonds) 


. is vital, a stabilized labor force is at a pre- 


mium, though possibly at the cost of increas- 
ing organization and politicization. The ini- 
tiative to raise wages apparently stemmed 
from the Anglo American Corporation and 
particularly from new directors appointed 
about 1971, but was rendered possible only 
in an environment of rising gold prices after 
1971 and of coal subsequently. In the di- 
amond mines, these changes began much 
earlier—from 1964 onwards—despite declin- 
ing real diamond prices at the time. In that 
instance, the personal role played by Harry 
Oppenheimer cannot be discounted, nor the 
role of security risks. From that time on- 
wards, wage policy of the diamond sector 
was independent of that of the Chamber, the 
diamond mines not being affiliated for labor 
purposes, and wages were well above those 
in the rest of the industry. 

After 1974, an era of excess supply of 
foreign labor follows. Though not everyone 
in the industry agrees, this probably resulted 
from a desire to reduce dependence on for- 
eign labor. Such a desire could have been 


*Lipton uses the term stabilize in this context to 
mean to settle permanently with one’s family. The in- 
dustry’s interest in this form of stabilization is far more 
ambivalent. ; 

>The operations in which Anglo American was in- 
volved in the Zambian copper belt had their labor force 
lozalized and stabilized some 10 years before the turning 
point in South Africa (see Philip Daniel, 1979). 

In the first 11 months of 1981, 15.88 percent of all 
TEBA recruits were novices, but for no foreign country 


VOL. 75 NO. 5 


induced by the uncertainties stimulated by 
the Malawi cut off in 1974, the FRELIMO 
takeover in 1975, and or the mine compound 
disturbances of 1975 (reputedly leaving some 
200 dead) prompted by a compulsory de- 
ferred pay scheme introduced by Lesotho. 
To attract sufficient South African workers, 
wages continued to rise. 

After 1979, the mines were at full comple- 
ment of labor and South African workers in 
excess supply to the industry as chronic un- 
deremployment in the homelands was well 
established under compulsory relocation. 
From 1978 through 1980, real wages of non- 
whites remained almost constant. The in- 
dustry is now split. Some mining houses wish 
to raise wages further; others want to lower 
them again, with the realization the latter 
would mean more employment. The South 
African government has encouraged the wage 
increases in the industry. Though concerned 
with the economic viability of the homeland 
situation they have created, their enthusiasm 
for expanded employment of blacks in min- 
ing is not clear, for with the exception of 
Bophuthatswana, the mines are too far from 
the homelands. The government would pre- 
fer to see employment created along the pe- 
ripheries of the homelands, for the primary 
concern is protection of the exclusive white 
environs. Š 


II. A Stylized Model 
A. General Form 


The story may be broken into two major 
periods—before and after 1974. In the earlier 
era, potential monopsony and job dis- 
crimination are major features. In more re- 
cent times, excess supply of foreign labor 
and a possible preference for reduced depen- 
dence on foreign labor are added. 





did this rate exceed 10 percent, and for Mozambique 
and Malawi it was less than 1 percent. Given the 
obvious, excess supply of foreign novices, this strongly 
supports the notion of bias against foreign dependence. 
Indeed, the stated industry policy is to take no 
Mozambican novices for fear of political activism in the 
mine compounds. 
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1. Prior to 1974. Before 1974 it is assumed 
no excess supply of nonwhite labor to the 
mines existed either within South Africa or 
from abroad. To allow for the possibility 
that the combined supply (f + s, where f is 
foreign labor supply, s is South African 
supply) is less than infinitely elastic with 
respect to the wage for nonwhites (w), the 
supply function on which the sector operates 
is writien 


(1) f+s=F(w). 


Job segregation under apartheid, substan- 
tially different access to education and train- 
ing for nonwhites, enforced migrancy re- 
sulting in high turnover, and low wages 
generating poor health and nutrition, all act 
to keep productivity of nonwhites below that 
of whites. Recognizing this distinction be- 
tween nonwhite (b) and white (/) labor em- 
ployed, output (q) is expressed as some func- 
tion: 


(2) q=q4(b,l,k), 


where k is capital stock. 

With the exception of diamonds, it is as- 
sumed that producers are price takers in the 
commodity market. The flow of gold is small 
compared to the world stock, and, as a first 
approximation, it is not unreasonable to 
imagine prices determined by international 
portfolio behavior rather than through flow 
supply and demand. The producer price of 
coal has also been regulated throughout the 
period under consideration as outlined in 
Section I. 

In acting as a potential monopsonist but 
not monopolist, it is assumed the non- 
diamond sectors, at least, have been willing 
to hire nonwhite labor up to the point where 
marginal cost equals value of marginal prod- 
uct subject to the production function (2). In 
other words, discrimination against non- 
whites is confined to job discrimination as 
refiécted in the production function rather 
than to additional wage discrimination.’ In 


TIn addition, complications arising from exhaustible 
resources are suppressed for simplicity, which is rela- 
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-fact, this is probably a very: plausible as- 
sumption, for if anything the concern of the 
mining houses-has been to reduce even job 

- discrimination as reflected in their 1973 
agreement with the white Mine Workers’ 
Union noted ‘earlier, and in the revisions in 
job tasks. Nonetheless, some results on tests 
for an extended. model incorporating wage 
discrimination are cited in Section IV. 


-The wages (v) of white workers are de- 


termined through bargains struck with. the 


` Mine Workers’ Union and hence are taken 


as exogenous to this model. The first-order 
conditions with respéct to both types of labor 
therefore yield 


(3) P'le” 
(4) - 


where p= price of output, q; = marginal 
product ‘of: factor j, and w’(f +5)= partial 
derivative of w with respect tof+s. . 

The model for this first stage is then closed 
by assuming 


' (5) -  fts=b 


2. After 1974. In the second stage, three 
major changes in the model are necessary: a 
preference not to rely on foreign ‘labor is 
` allowed for, as a result foreign labor is in 
excess supply, but this is accompanied by a 
more stable labor force that may be more 
productive. To. ‘characterize ‘this phase, a 
supply function of domestic labor to. the 
mining sector must be distinguished. 


(6) es s=s(w). 


w(f+s}b+w, 


P°4, =, 


Moreover, the production function requires 
modification for reasons to be discussed in. 


Part B below, but foia now we may amply 
write this as 


(2’) a 
' First-order conditions must now be dis- 


tinguished for. domestic and foreign labor 


tively justifiable in view of the massive reserves of most 
minerals. 


-THE AMERICAN:ECONOMIC REVIEW: 


DECEMBER 1985 


_ separately, thus for domestic, foreign and 


white labor, one obtains 


(3’a) P-Q,=wi(s)b+w 
(3’b) p= w+ 
(4’) p-Q,=2, 


where Q, = marginal product - of factor j, 
w(s)= partial derivative of w: with respect 
to s, and Ý =a coefficient of preipiedce not, A 
to rely on foreign labor.® 

It is intriguing to note that this preference- 5 
against foreign labor has not taken the form 
of wage discrimination. Fereign and oo. 
tic labor continue’ to be paid equal wages. A 
potential reason might be tension in the 
compounds between miners living and work- 
ing together but rewarded differentially. Yet. 
this friction might be avoided by means of a 
foreign’ remittance or recruitment tax. For 
such taxes there are precedents, though reve- 
nue,. collected by the mines or ‘recruiting 
agencies, has gone to the sending countries. I 
believe the true reason for maintaining equal 
wages has stemmed from the initial cause of 
pay- increases—sensitivity to accusations of 
paying exploitative wages. 


B. Specific Form 


` To estimate this system, specific forms of 
the production functions and nonwhite labor 
supply functions must be imposed. The over- _ 
all labor supply function (1) is assumed to 


have constant wage elasticity » and is | 


specified as 
(7) Inb=y+y-Inw+T-X+y,-Inb_, : 


where b_, is b lagged by one year; a term 


- 8Since foreign labor is in excess supply and hence 
infinitely elastic at the going wage, an objective function 
for the sector consistent with (3’a), omitting. white labor. 
and capital for brevity, would be A i 


Q= p-O(f,s)—w(s)-(f+s)-¥-f. 
In other words, the mining houses act as if the cost of | 


hiring foreign labor exceeds the wage rate by an amount 
WY per foreigner. 
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included to reflect the effects of the two-year 
contracts prevalent in some of the major 
supplying countries, remembering that such 
contracts were binding prior to repeal of the 
masters and servants acts. The X is a vector 
of principal components of exogenous ele- 
ments, both abroad and within South Africa, 
likely to have shifted the supply function.’ 
As noted in Section I, jobs in the South 
African manufacturing sector have paid non- 
whites much better wages than mining. But 
availability of the former has been limited, 
particularly for those without section 10 
rights who are the really potential mine 
workers. The supply of South African non- 


white labor to the mining sector is therefore ` 


made a function of the expected wage in 
manufacturing (m). In addition, supply is 


likely to rise with the size of the nonwhite- 


male labor force (n). Given this, a constant 
wage elasticity (0) specification of (6) is again 
adopted: 


(8) Ins=o,+o-Inw+o,-m 


+ On + oy lns. 


Capital inputs are in fact divided into two 
types—fixed capital (k) and equipment (e). 
In selecting a form of the production func- 
tion for derived demand analysis, it is im- 
portant to allow for substitution between 
factors. Four factors of production (b, l, k, 
and e) and their interactions necessarily im- 
ply a lengthy formulation, and within these 
general requirements two specifications are 
explored—a translog and a quadratic. (For a 
discussion of the properties of each see 
Melvin Fuss, Daniel McFadden, and Yair 


The 23 underlying variables are: population and 
rainfall in Botswana, Lesotho, Malawi, Mozambique 
(rainfall excluded), South Africa, and Swaziland; the 
expected domestic wage in Botswana and Lesotho, the 
price of maize, cotton, and tobacco in Malawi; planta- 
tion employment, industrial employment and wage, and 
marketed crops in Mozambique; employment and wage 
for blacks in South African manufacturing; and a 
dummy for independence of Malawi. The demand model 
presented in this paper is part of my larger study (1983) 
incorporating also the supply side of the story, in which 
these 23 variables receive explicit treatment. 
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Mundiak, 1978.) The quadratic form is 


(9) q=atB-b+A-l+nkt+ee 
+ BA-b-1+ Be-b-k + Be-b-e 
+reel-k+Xe-l-e+ne-k-e 
+1/2( BB-b* + AA-1? + KK-k? + ee-e?) 


+ Pres-TtorT. 


The last two terms require some additional 
explanation. T is a dummy variable turned 
on after 1974. Thus £r reflects any change in 
productivity of nonwhite labor in the later 
period, as the labor force is localized with 
the intent of establishing a more stable, expe- 
rienced work force. But this period also ex- 
perienced very sharp rises in mineral prices, 
and some mines began to rework previously 
abandoned deposits and several open-cast 
coal mines commenced operation, each with 
inherently different productivity—hence the 
term rT. The translog version of (10) is of 
course identical except q, b, l, k, e, and s 
are each replaced by their natural loga- 
rithms. 

Solving the first-order conditions subject 
to these specific forms provides for the 
quadratic case: 





_ 78, (itn) w 1 

0) Pe ae aa gp Be 
BX Be Be 

— DSO ag R BR e 

pa EE a E R S 





CAA 


where ọ expresses the preference not to rely 
on foreign labor in units of labor and is 
assumed constant, so that in the quadratic 
case Y= p:BB-o. A negative value of ọ 
indicates a preference against foreign labor; 
a zero value implies no such preference. 
Comparing (3’a) and (3’b), it is readily seen 
that y= w’-b+ p-(Q,—Q,), so that if no 
monopsony power were exercised vis-à-vis 
South African labor in this period, and if 
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foreign and domestic workers were perfect 
substitutes, @ would be zero. 

In the context of the translog production 
functions, all terms in b, 1, k, and e are 
replaced by their natural logarithms, and w 
and v are multiplied by their respective 
own-factor amount over output. 

The system of equations (10) assumes in- 
stantaneous adjustment. A simple, flexible 
accelerator may, however, be appended by 
adding a lagged dependent variable term to 
each equation. The well-known interpreta- 
tion is that all terms in (10) are thereby 
multiplied by one minus the flexible accelera- 
tor coefficient.!° 

Finally, as mentioned earlier, the model is 
to be estimated for each of the gold, di- 
amond, coal, and other minerals subsectors 
separately. For gold and coal, (10) is ap- 
propriate, but, for the other two, some mod- 
ification is necessary. The extraction of other 
minerals is almost entirely by mines that do 
not recruit through TEBA and commonly 
not members of the Chamber. It is unlikely 
these mines have restrained their hiring to 
help the monopsony position of the industry 
as a whole, so they are assumed to have 
behaved as though n were infinite." 

Section I notes that the diamond sector is 
not a member of the Chamber for labor 
purposes and has pursued an independent 
wage policy with stabilization of the non- 
white labor force commencing ten years 
earlier. To explore the longer-term productiv- 
ity consequences of this stabilization and its 
implication for the role of white labor, the 
last two terms of the production function (2) 
are replaced by T:(Br-b-t-+Ar-1-t+ BAr- 
b-1), where T is now a dummy for the 


See M. Ishaq Nadiri and Sherwin Rosen (1973). 
Extension to a nondiagonal matrix of coefficients therein 
proposed or to decision making when lags are con- 
straints, as in Hiroshi Yoshikawa (1980), is left for later 
work. 

11In the post-1974 period, the other minerals sector 
has continued to follow the wage leaders partly for the 
same reasons that motivated the initial raises by the 
Chamber (particularly in those mines within the other 
minerals sector owned by the large mining houses), and 
partly because many of these mines lacked the organi- 
zation to recruit foreign labor and local labor required 
higher wages. 
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post-1964 period and ¢ measures time. Thus, 
Ar and 8r reflect progress in productivity of 
white and nonwhite labor with the passage 
of time and gaining of experience under sta- 
bilization; BA reflects any shift in labor 
substitutability after diminution in job bar- 
riers. In addition, the possibility of exploita- 
tion of monopoly power by DeBeers war- 
rants incorporation. Thus, if ê represents the 
elasticity of demand for diamonds, re- 
arrangement of the first-order conditions for 
nonwhite and white labor in diamonds pro- 
vides, in the quadratic case: 


1 w PA 4 
11): b= eet eee Cie cde 
( ) t G+1/8)-68 P BB 
Bx Be Br BAT 
see Sa EE A eae kale eee oc 
BB ees | 
I= 1 v BA 
g OFID a © ae 
AK Ae p ~ ÀT BNr | 
A oe a e 


Estimates of equations (9), (10), and (11) 
are discussed in Section IV. 


II. The Data 


The model is estimated on annual data 
from 1946 to 1980. Space does not permit a 
full discussion of the sources and compila- 
tion of data assembled for this study, how- 
ever, a few words are in order. 

Output by each of the subsectors is mea- 
sured in physical terms (ounces of gold; 1000 
carats of diamonds; tons of coal). For the 
other minerals, a quantity index is adopted 
(actually several published Divisia indices 
spliced together) with base in 1957 at 1000. 
Employment is simply the average numbers 
at work during the year. The two types of 
capital stock (k; e) are measured in con- 
stant, 1970 1000 rands. The stock figures are 
derived from gross expenditures deflated by 
the South African cost-of-living index, with 
k depreciated linearly at 4 percent and e at 
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10 percent. Capital stock k incorporates 
mining property, shafts, and mine develop- 
ment, and e is simply equipment. Wages are 
measured by earnings per employee per year. 
Output prices are derived from realized value 
of sales divided by sales—rands per ounce of 
gold, per carat of diamonds, per ton of coal, 
and 1000 rands per index unit of output for 
other minerals. The South African nonwhite 
male labor force is proxied by the nonwhite 
male population ages 18 to 49, measured in 
millions of men. The expected wage in 
manufacturing is then nonwhite employment 
in manufacturing, construction, and South 
African Railways and Harbours, relative to 
the male labor force, multiplied by annual 
average earnings of blacks in manufacturing 
deflated by the cost of food index. 


IV. Estimation of the Model 


All equations are estimated by three-stage 
least squares using Fair’s technique with re- 
spect to instrumental variables, unless other- 
wise noted. The theory suggests that a large 
number of nonlinear cross-equation con- 
straints might be imposed on the estimates. 
However, no such restrictions are imposed 
here except in the context of hypothesis 
testing. 


A. Monopsony 


From the equation for nonwhite labor in 
(10) it is readily seen that the coefficients on 
wage before and after 1974 differ only by 
inclusion of (1+ 9)/7 in the former, where 
9 is the elasticity of labor supply. If the 
sector tends towards behavior consistent with 
an infinitely elastic supply, rather than as a 
monopsonist, (1+ )/7 should approach one 
and the coefficients on the two-period wage 
terms become equal. As discussed in Section 
Il, this hypothesis is to be tested with respect 
to the gold and coal sectors, neither the 
diamond nor other minerals sector having 
been part of the Chamber for labor pur- 
poses. The estimates of nonwhite labor input 
equations are presented in Table 1, with 
t-statistics for a zero null-hypothesis pre- 
sented in parentheses beneath each coeffi- 
cient. 
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In each context—gold and coal, quadratic, 
and translog—the wage terms have negative 
estimated coefficients with a larger absolute 
value in the earlier period. Moreover, in each 
case except that of coal in translog form, this 
difference between time periods is statisti- 
cally significant at more than a 90 percent 
confidence level. 

But to argue that these results reflect ex- 
ploitation of monopsony power, at least in 
gold, one must proceed further. Was the 
supply of labor facing the industry indeed 
upward sloping in the earlier period before 
1974? Table 2 presents an estimate of the 
overall labor supply equation (7) up to 1974. 
Although the region as a whole is frequently 
referred to by the industry as a labor reserve, 
the estimate of (7) shows an upward-sloping 
supply of labor with elasticity even signifi- 
cantly less than one at a 99 percent con- 
fidence level. Merle Lipton notes: 


It had long been argued by the in- 
dustry that Black peasants have a back- 
ward-sloping supply curve...they were 
target workers.... The fact that this 
argument was a convenient rationaliza- 
tion for low wages was nowhere more 
clearly demonstrated than by the ac- 
tion of the Chamber, in the wake of the 
gold price rise, in raising wages to in- 
crease supply. [p. 109] 


The result in Table 2 is certainly consistent 
with Lipton’s view. Furthermore, the esti- 
mate of ņ reported in Table 2 is not signifi- 
cantly different from that implied by the 
estimated nonwhite labor input equations for 
gold, when ņ is obtained as a nonlinear 
transformation of the wage coefficients in the 
two periods (Ernst Berndt et al., 1974). 

But this latter derivation of ņ and, indeed, 
the prior tests for monopsony are founded 
on the theory that the coefficients in Table 1 
on the wage term after 1974 equal BB. This 


12 This estimate is obtained by two-stage least squares, 
using Fair’s technique. The equation includes 11 prin- 
cipal component terms in the vector X, selected by 
backward stepwise regression, not explicitly shown in 
Table 2. 
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TABLE 1—NONWHITE LABOR INPUT EQUATIONS 


Quadratic 
Gold Coal Diamonds 
Intercept 154538 53835 —5113 
(2.00) (9.28) (1.673 
Wage Term —118 
(5.94) 
Wage Term, ~ 8774 —139 
Pre-1974 (2.43) (2.63) 
Wage Term, - —2647 —1.60 
Post-1974 (1.50) (0.03) 
Post-1974 — 74207 —18136 
Dummy (2.41) (1.75) 
White Labor 2.27 5.32 3.55 
(1.53) (11.35) (3.60} 
Equipment — 029 — 051 AOL 
(0.37) (2.94) 3.97} 
Fixed Capital .220 — .089 —.113 
(4.56) (2.59) (3.56) 
Time, 669 
Post-1964 (4.19) 
White Labor, —2.99 
Post-1964 (3.29) 
Lagged Dependent 470 
Variable (6.08) 
Rho .385 424 — O01 
Standard Error 
of Rho .155 168, .192 
Number of 
Observations 33 33 33 





may be tested directly by viewing the pro- 
duction functions, and estimates for the case 
of gold are shown in Table 3.)° Therein, both 
the translog and quadratic estimates provide 
a negative coefficient on the square of non- 
white labor. Following A. Ronald Gallant 
and Dale Jorgenson’s (1979) test for non- 
linear, cross-equation restrictions, this pro- 
duction function estimate of BB is not sig- 
nificantly different from the implied value 
estimated in the nonwhite labor input equa- 
tion. 

All of the evidence is thus consistent with 
exploitation of monopsony power, at least by 
the dominant gold sector, before 1974. In- 
deed, this seems eminently sensible, provid- 
ing a rationale for the centralized system of 
recruiting and imposition of the maximum 
permissible average wage payable by mem- 


13No correction for first-order serial correlation is 
made in these estimates. If rho, a serial correlation 
coefficient, is estimated, the associated t-statistic for a 


DECEMBER 1985 
Translog 
Other Gold Coal Diamonds 
11319 6.83 6.88 563 
(0.74) (2.46) (10.40 (0.32) 
— 14850 — .0017 
(2.70) (2.37) 
—2.73 ~—1.82 
(1.74) (1.85) 
— 424 —1.34 
(1.11) (1.29) 
12519 — 217 — 0.43 
(1.68) (1.71) (0.23) 
11.5 .280 430 559 
(9.03) (1.50) (6.22) (2.24) 
0.65 — 008 —.136 .266 
(0.67) (0.07) (2.46) (2.75) 
—.139 .246 — .068 — .062 
(1.09) (1.56) (0.87) (0.40) 
110 
(0.21) 
— 024 
(0.13) 
247 
(1.22) 
316 419 457 614 
6.46 .148 .162 .189 
33 33 33 33 


TABLE 2— NONWHITE LABOR SUPPLY EQUATIONS 


Foreign and South African 
Domestic Labor Labor 
1948-73 1947-78 
Intercept —3.22 1.97 
(2.86) (1.70) 
Log Wage 140 -498 
(4.12) (3.69) 
Expected Wage in 
Industry — 46.0 
(2.31) 
Labor Force : .0303 
(1.74) 
Lagged Dependent 
Variable 848 -T26 
(29.78) (6.81) 
Durbin’s h-Statistic 0.18 0.92 
Number of , 
Observations 26 : 32 


Note: Also included in the first equation, but not shown, 
are 11 principal component terms for shifts in supply. 


zero null hypothesis is 0.57 for the quadratic case and 


1.07 for the translog. 
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TABLE 3— PRODUCTION FUNCTIONS 


Number of Observations 33 


ber mines. as outlined in Section I. In ad- 
_ dition, the recruiting system appears to have 
provided the mining industry with an abil- 
ity to respond quickly to changing situa- 
tions. Thus, if lagged dependent variables 
are inserted in the nonwhite labor equa- 
tions for gold and coal, the flexible acceler- 
ators prove statistically indistinguishable 


Gold Diamonds 
Quadratic Translog Quadratic Translog 
Intercept —.14%10° —1055 ~121962 —677 
(1.16) $ (1.62) (1.77) (0.58) 
Nonwhite labor — 755 — 257 4.21 261 
. (1.39) (1.89) (2.55) (2.61) 
White labor 9417 i 340 48.6 —4,35 
(1.61) (2.07) (1,24) (0.01) 
Capital 331 229 . —.111 41.1 
(1.41) (2.10) (0.35) (1.94) 
Equipment —158 ~101 313 —146 
(0.48) (1.61) (0.38) (2.31) 
Nonwhite x White 032 34.7 —.001 11.3 
; (2.78) (3.32) (0.90) (0.86) 
. Nonwhite x Capital 00084 20.8 ~.25x1074 -1.21 
i (2.08) -. (2.84) (1.86) (0.63) 
Nonwhite x Equipment — 0012 ~15.5 —.54x107~4 + 3.38 
(1.91) (2.59) (2.22) (0:62) 
White x Capital —.010 -312 18x107? -2.18 
(1.64) (2.45) (1.53) (0.59) 
White x Equipment 010 19.1 —.13x10~4 414 
(1.17) . (2.20) (0.07) (0.06) 
Capital x Equipment 00048 14.6 ~ 201075 —4.22 
(1.49) (2.56) (0.43) (3.02) 
Nonwhite? —.0011 — 7.63 —.29x1074 —16.2 
(1.48) (1.38) (0.46) (3.50) 
White? — 204 ; — 28.4 — .005 ~7.65 
(2.51) (2.98) (0.96) (0.35) 
Capital? — 00023 —12.8 ~.15x1075 —.145 
(1.94) (2.86) (1.41) (0.39) 
Equipment” — 00023 — 3.98 11x107 10.4 
(0.88) (2.22) (1.40) (4.06) 
Domestic Labor, Post-1974 —24.1 — 242 
i (1.82) (2.05) 
Post-1974 Dummy —.17x10" 2.74 ; 
(0.55) (1.88) ; . 
Nonwhite x Time, Post-1964 .092 2.64 
; A (8.20) (5.10) 
White x Time, Post-1964 —.265 —2.96 
(5.01). (4.74) 
Nonwhite x White, Post-1964 —.14x1073 — .042 
(2.56) ` (0.82) 
Durbin-Watson Statistic 2.13 2.16 i 
Rho l . ~ 311 — .669 
Standard Error of Rho 231 . 273 
33 33 


from zero. These. terms are consequently | 
omitted from the equations reported in Table 
1. In contrast, the combination of up to 
two-year contracts plus the master and 
servants laws, prohibiting legal quitting, have 
rendered the ability of workers to adapt to 
changing conditions very sluggish. The 


- coefficient on the lagged dependent variable 
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in the overall labor supply equation in Table 
2 is thus not only significantly positive, but 
indeed very large. 


4 


B. Preference for Domestic Labor 


In (10) a negative coefficient ¢ on the 
post-1974 dummy represents a preference not 
to rely on foreign workers. In Table 1, this 
coefficient is estimated to be significantly less 
than zero at a 95 percent confidence level in 
both formulations for gold, and for coal in 
the quadratic case. Indeed, the effect is quite 
large. Thus, the quadratic estimates suggest 
that, despite the escalated wages of this 
period, the gold sector would have wanted to 
employ some 70,000 more nonwhites and the 
coal sector nearly 20,000 extra as mineral 
prices rose, had a policy of switching to 
domestic labor not been pursued. In con- 
trast, the other minerals sector, being outside 
of the centralized policies of the Chamber, if 
anything significantly raised their nonwhite 
labor use in this same period, the coefficient 
on the post-1974 dummy being positive for 
that sector.4 

As noted in connection with (10), if ad- 
ditional domestic labor could be hired 
without raising the wage or lowering produc- 
tivity, it could not be argued that a policy of 
reliance on domestic labor is costly to the 
industry. However, the production function 
estimates for gold in Table 3 indeed show a 
significant decline in productivity after 1974 
as the labor force becomes increasingly South 
African. Far from increasing productivity, as 
intended with a policy of diminished turn- 
over, the replacement of skilled foreign 
workers by inexperienced South African nov- 
ices proved costly. It was also costly in terms 
of wages, for the estimated supply equa- 
tion for South African labor (in Table 2) 
again displays a significant upward slope with 
respect to mine wage. That estimate also 
brings out the role of the aspiration for a far 
better paying wage in industry in promoting 


_ JINO estimate of the translog nonwhite labor input 
equation is reported for the other minerals sector owing, 
to a high level of collinearity encountered. 
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reluctance to commit to the indignities of 
mine work, at least until 1978. Thereafter, 
compulsory relocation in the homelands has 
resulted in an excess supply even of South 
African workers for the mines. 


C. White and Nonwhite Labor 


Thus, the movement toward localization of 
the nonwhite labor force adversely affected 
productivity in gold, though some mining 
houses clearly hoped stabilization would en- 
hance skill levels. On the other hand, in the 
diamond sector, erosion of the job color bar 
after 1964 and reduced turnover of the non- 
white labor force proved more successful. 
From the production functions for diamonds 
in Table 3, it is seen that the productivity of 
nonwhite labor is estimated to have a signifi- 
cant upward trend after 1964. This is also 
supported by the upward trend in the de- 
mand for nonwhite labor, at least in the 
quadratic case in Table 1.15 

But concurrent with the rising productivity 
and demand for nonwhites in diamonds was 
a decline in both for whites. The coefficient 
on the white labor X time interaction after 
1964 is significantly negative in the produc- 
tion functions of Table 1, as is the corre- 
sponding time effect in the white labor input 
equation in Table 4. It seems the erosion of 
the job color bar indeed had precisely the 
effects on white labor the Mine Workers’ 
Union has always feared. Thus, in the pro- 
duction functions, the coefficient on the non- 
white X white labor interaction after 1964 
proves negative though significantly so only 
in the quadratic case. With this, the non- 
white labor input equations are quite con- 
sistent, but not those for whites. It seems at 
least overt displacement of white labor by 
nonwhite hiring may have been successfully 
resisted despite productivity implications. 

Indeed, from both Tables 1 and 4, the 
hiring of white and nonwhite labor is esti- 
mated to have been complementary across 


15The sale price of diamonds is quite volatile. The 
estimated labor input equations therefore deflate wage 
by price lagged one period. 
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TABLE 4— WHITE LABOR Input EQUATIONS 


Quadratic 
Gold Coal Diamonds 
Intercept 10121 419 959 
(1.74) (0.38) (2.27) 
Wage Term —22.3 —1.14 — .008 
(4.24) (5.11) (0.02) 
Nonwhite Labor, O11 086 006 
(0.83) (5.89) (0.43) 
Equipment 004 —.005 —.010 
(0.52) (2.15) (1.91) 
Fixed Capital — .006 .005 025 
(1:18) (0.99) (6.92) 
Time, Post-1964 -111 
(8.17) 
Nonwhite Labor, 135 
Post-1964 (8.22) 
Lagged Dependent -799 511 694 
Variable ` (5:86) (513) (6.44) 
Rho 316 039 — 521 
Standard Error 
of Rho .188 186 165 
Number of 
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Translog 
Other Gold Coal Diamonds Other 
1966 4.31 — 4.82 — 469 068 
(1.02) (2.84) (3.36) (0.41) (0.06) 
-77.7 — 410 — .870 — 0001 — 0004 
(1.45) (2.37) (2.97) (0.32) (0.51) 
.063 .105 .818 .169 534 
(9.32) (0.85) (5.52) (2.93) (6.79) 
— .007 165 —.019 — .023 O74 
(0.73) (2.38) (0.45) (0.40) (0.77) 
.023 —.308 — .082 403 152 
(2.51) (3.75) (0.98) (6.97) (1.92) 
—1.28 
(7.07) 
387 
(7.00) 
228 671 671 418 046 
(1.86) (5.55) (4.60) (3.51) (0.33) 
866 .420 140 —.319 686 
.148 201 130 .180 150 
33 33 25 33 33 


Observations + 33 25, 33 


all sectors.!é With tight maintenance of job 
delineation between races, additional non- 
white labor has required extra whites in su- 
pervisory and skilled posts rather than dis- 
placing them. It is also interesting to note 
that white labor has been a quasi-fixed factor 
for all sectors, in the sense that the flexible 
accelerator terms are positive, reflecting a 
significant difficulty in rapidly adjusting the 
white labor contingent. In contrast, as noted 
earlier, the centralized recruiting and preven- 
‘tion of worker organization have permitted 
far greater flexibility for the mines in adapt- 
ing the nonwhite labor force numbers. To 
this, there is an exception in diamonds, where 


16The white labor equations for the coal sector omit 
the years prior to 1956. During 1955, the Mine Workers’ 
Union demanded and received a sharp pay increase in 
coal. The bargaining position of the union was 
strengthened by a perceived white labor shortage in coal 
prior to this and the industry reponded by intensified 
training and recruiting of whites, with significant in- 
creased immigration of European trainees. By 1956, the 
Chamber's Annual Report (1957) notes an easing in the 
shortage of European personnel. 


the lagged dependent variable term for non- 
whites proves positive though lower than for 
whites. It seems that one cost to stabilization 
in diamonds has been a reduced ability or 
willingness rapidly to transform employment 
of nonwhites. 


D. Monopoly in Diamonds and 
Wage Discrimination 


No support is found in the data for either 
a hypothesis of concern for monopoly in 
labor application to diamonds or of wage 
discrimination against nonwhites elsewhere. 

The estimated coefficients on the wage 
terms in the labor input equations for di- 
amonds embody three components: the ex- 
pression involving the elasticity of demand 
for diamonds, 5; the productivity elements, 
BB or If, and the flexible accelerator terms. 
The critical expression d=1/(1+1/6) may, 
however, be isolated by imposing nonlinear 
cross-equation and within-equation restric- 
tions on the other two components. Note 
that d approaches one from above as ô 
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tends toward minus infinity. A null hypothe- 
sis of behavior as if product demand were 
perfectly elastic may therefore be tested by 
means of a Gallant-Jorgenson chi-squared 
test on the change in sum of squared residu- 
als when d =1 is imposed. In no case—white 
or nonwhite, quadratic or translog—does the 
estimate of d prove significantly greater than 
one. At least from this simple specification 
there is thus no evidence to suggest labor 
hiring has been restricted in diamonds for 
fear of depressing the world price of di- 
amonds. Certainly DeBeers does limit di- 
amond sales at times when there is down- 
ward pressure on prices, but it is interesting 
to note that the correlation coefficient for the 
first differences in physical sales and produc- 
tion of diamonds in South Africa is only .61 
over the sample period. It seems at least 
temporarily restricted sales for price support 
result in increased stock piling rather than 
reduced production. To some extent this may 
be precisely because of the’ difficulties of 
quickly adjusting the labor force as em- 
phasized by our estimates. In addition, De- 
Beers has the option of reducing their scale 
of production outside of South Africa and 
may have been more reluctant. to make such 
adjustments within their South African oper- 
ations. l 
Last, consider the possibility of wage dis- 
crimination against nonwhites in addition to 
the job barriers embodied in the production 
functions. One way to model such potential 
discrimination is to envision the mines hiring 
as if this imposed some implicit psychic cost, 
.¢, for each additional nonwhite hired. Thus, 
c would be added to the right-hand side of 
equations (3) and (3’a). To the estimated 
‘nonwhite equation in (10) this would add a 
term c/(p-BB), (multiplied by b/q in the 
translog case). If the nonwhite labor equa- 
tions for gold, coal, and others are reesti- 
mated including such a term, the resulting 
value of c/BP is significantly negative only 
in the quadratic case for coal, and even there 
. fails a 5 percent one-tail test. There is thus 
no systematic evidence of wage discrimina- 
tion against nonwhites from this simple test, 
though obviously job discrimination is quite 
overt under the apartheid structure. 
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V. Some Closing Remarks 


Despite the popular notion that much of 
southern Africa formed a vast labor reserve 
for the South African mines—a traditional 
surplus labor economy—the supply curve on 
which the industry operated has been shown 
not only to be upward sloping with respect 
to mine wages of nonwhites, but indeed in- 
elastic. In the period 1946-74, the Chamber 
of Mines took significant advantage of this 
—principally through the dominant gold- 
mining sector—to exploit its monopsony 
power. By the mid-1970’s, rising mineral 
prices permitted sharp wage increases moti- 
vated by a desire to stabilize the labor force 
(in the sense of reducing turnover) and by 
vehement public criticism cf the “starvation 
wages” previously paid. The rising wages 
attracted more South African workers and 
on their supply curve the industry has con- 
tinued to act as a monopsonist. In this later 
period, foreign labor has been in excess 
supply and a significant preference not to 
rely on foreign labor has been demonstrated. 
Such a preference is not irrational from the 
mining industry’s perspective, given the 
political uncertainties of the region as, for 
example, FRELIMO displaced the coop- 
erative Portuguese in Mozambique and 
Malawi’s labor was temporarily withdrawn 
entirely. But stabilization of the South Afri- 
can labor force has not, thus far, resulted in 
significant productivity gains, rather the 
foregoing results suggest diminished produc- 
tivity as South African novices increasingly 
displaced experienced foreign miners. More- 
over, black mine workers have now suc- 
ceeded in achieving a greater degree of 
organization, previously thwarted by the 
mines precisely by maintaining diversified 
options on foreign labor. 

The job color bar, despite limited liberal- 
ization of job tasks, has been protected by 
the apartheid laws partly under instigation 
from the Mine Workers’ Union. Thus, 
maintenance of this bar has meant that black 
and white labor have acted as complemen- 
tary factors, and barring nonwhites from 
skilled positions helped to support the 
twenty fold white-nonwhite earnings ratio as 


VOL. 75 NO. 5 


of 1970. To what extent the mining houses 
acquiesced in this legislated job discrimina- 
tion remains unclear. Certainly the apartheid 
structure has imposed costs on the mining 
industry, some negotiated erosion of job bar- 
riers has occurred, and no evidence of wage 
discrimination by the mines is discerned, 
superimposed on the obvious job discrimi- 
nation. 

To much of this the diamond sector is an 
exception. Pursuing an independent wage 
policy since the mid-1960’s, the diamond sec- 
tor has stabilized its nonwhite labor force, 
eroded the skill barriers, and largely dis- 
pensed with the mine compound living 
quarters. Both the particular need for secur- 
ity and the personal involvement of Harry 
Oppenheimer are commonly cited as instigat- 
ing factors in this transition. The result has 
been a significant rise in nonwhite labor pro- 
ductivity and a simultaneous decline in pro- 
ductivity of whites, though overt displace- 
ment of white miners seems to have been 
successfully resisted. An additional conse- 
quence for the diamond sector is an esti- 
mated flexible accelerator on nonwhite labor 
input more in line with that on white labor 
throughout the industry, reflecting the slower 
response in adjusting any stabilized labor 
force. Elsewhere the industry has shown 
greater swiftness in adjusting, via the recruit- 
ment network, its nonwhite labor force as 
demand conditions shifted—far more swift- 
ness than permitted to labor supply bound 
by irreversible contracts under the master 
and servants acts. 

Since 1979, even South African labor has 
been in excess supply following an outward 
shift in the supply curve induced by com- 
pulsory population relocation in the home- 
lands. Today, the Chamber is in consequence 
split between these mining houses that wish 
to raise nonwhite wages further and those 
that argue for real wage reduction, with both 
realizing lower wages would stimulate more 
employment. To go their separate ways 
would, according to interviews with in- 
dustrialists, effectively break the Chamber, 
and the Chamber is vital not only for labor 
purposes but for such activities as lobbying 
for tax positions. That the diamond sector 
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could pursue its own wage policy while re- 
maining a Chamber member for other pur- 
poses is attributable to the negligible size of 
its labor force. Government has generally 
encouraged the recent wage increases, but 
while concerned with the risks inherent in 
mass unemployment in the homelands, they 
would prefer to see employment created 
around the peripheries of the homelands 
rather than in mines located too close to the 
exclusive white environs. 

The future of this labor market—histori- 
cally of major importance to several of the 
labor supplying countries for employment, 
foreign exchange, and income—is very un- 
certain. Even if the South African internal 
political structure remains intact for some 
years, much will depend on future mineral 
prices. Recently, the value of diamonds and 
gold have substantially declined. From 1979 
onwards, TEBA has maintained a target of 
60 percent local, 40 percent foreign, labor. 
Some observers predict the foreign compo- 
nent will decline. If so, Lesotho is likely not 
to experience substantial cuts, for as with the 
homelands there is fear of creating pockets 
of mass unemployment and poverty within 
the frontiers of South Africa. The propor- 
tions in which the other labor sending coun- 
tries would be cut would probably depend 
on their political conduct vis-a-vis South 
Africa. Indeed, it will be interesting to see if 
there may even be revival in Mozambique 
recruitment, now that a new, intergovern- 
mental understanding has been signed with 
South Africa. 
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Competition and Unanimity Revisited, Again 


By CLEMENT G. KROUSE* 


Conditions necessary and sufficient for 
shareholders to express unanimity with re- 
spect to firm decisions have been recently 
developed by Harry DeAngelo (1981). In 
a model economy where firms are proper- 
ly “small relative to the market,” Louis 
Makowski (1983) has subsequently found 
DeAngelo’s requirement that existing securi- 
ties span the opportunity set to be unneces- 
sary for unanimity. At issue in this difference 
is what is meant by “reasonable” necessity in 
propositions relating to model economies: is 
Makowski’s “small relative to the market” 
condition of interest, or is it, like the Giffen 
good, only a curiousity? While Makowski’s 


case initially appears implausible, I shall here. 


argue that the specification of an economy 
with “equivalently complete” markets is a 
teasonable instance of his analysis and 
qualifies as an interesting complement to the 
general propositions of DeAngelo.} 

In Section I some basic notation and the 
structure of the model economy are set out. 
Following that, the distinction between the 
unanimity proofs of DeAngelo and Makow- 
ski is drawn and the issue of reasonableness 
in necessary conditions is addressed. Condi- 
tions under which equivalently complete 
markets arise are then described, and the 
reasonableness of these are considered along 
with their implications for unanimity. 


I. The Model Economy 


I consider the usual two-period economy. 


In the first (current) period all things are 


known with certainty. Events at the second 


*Professor of Economics, University of California, 
Santa Barbara, CA 93106. I thank Harry DeAngelo, 
Louis Makowski, and John Riley for helpful comments. 

‘Roughly, security markets are said to be equiv- 
alently complete when a nontrivial set of mutual funds 
spans the set of consumption portfolios optimal for all 
individuals in the economy. A more detailed definition 
is given below. 
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(future) period, however, are uncertain and 
characterized by s=1,2,...S states of na- 
ture. The individuals of the economy exhibit 
diversity, being restricted only by the usu- 
al assumptions of utility-maximizing behav- 
ior with increasing, strictly quasi-concave, 
suitably continuous utilities defined on 
state-contingent rates of return.” Individuals 
choose portfolios of securities, with portfolio 
fractions summing to one.? A security pro- 
gram Z is a J XS state space tableau of 
returns offered by some collection of j= 
1,2,...J securities, z/=[z/z3...z2] being 
the rates of returns paid by security j over 
the list of states. To avoid unnecessary com- 
plexity, I momentarily assume that each firm 
issues just one security (equity) so that j 
indexes both firms and securities. Let v= 
[v' v?...v7] indicate equilibrium security 
prices in trading at the first period.* 

When securities trade without restriction 
on short sales, then rank(Z) = K and a (k — 
1) dimensional hyperplane is the subspace 
spanned by all portfolios of the existing 
securities. I use Q(Z) to indicate that sub- 


‘space and call this the portfolio opportunity 


set. A collection of linearly independent 
security portfolios which are spanning vec- 
tors for Q(Z) defines a set of security 
markets. A second security program Z*, and 
associated portfolio opportunities 2(Z*), is 
unambiguously said to offer new markets or, 
equivalently, to provide increased trading 
opportunities relative to Z when Q(Z) is a 
proper subset of 2(Z*). 

Taking current consumption as numeraire, 
a sustaining state claims price system a= 


2When defining utility on rates of return, utility 
functions reflect not only preferences but also wealth 
(see my 1984 study, ch. 5). 

3 While Makowski generally places his analysis in the 
firm’s product market, I restrict attention here to the 
capital market, which both he and DeAngelo consider. 

4Tt is assumed throughout that markets are perfect in 
the sense described by DeAngelo (pp. 21-22}. 
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[mT ... Tç] is such that 


G esz 


sTsZz; Or vo = Lenz, 

gives the market prices v/ for each security j, 
with each z/ being the dollar payoff associ- 
ated with the z/ rate of return. When each 
individual’s optimality occurs at a stationar- 
ity point, the personal rates of substitution 
of state claims for current consumption 
qualify as a system of sustaining prices and, 
from the obvious algebra, so do all convex 
combinations of these systems. For the price 
system of some specific individual i, I shall 
use the notation 7‘, referring to this as i’s 
demand prices. The capital market is said to 
be complete when K= S, and from equa- 
tions (1) it is then seen that the sustaining 
price system m is unique in equilibrium. 
When, alternatively, K <S the capital mar- 
ket is incomplete and an infinite number of 
sustaining price systems exist, with only those 
portfolios in 2(Z) being priced identically 
by every such system. Conversely, the S-vec- 
tor w £ 2(Z)—we say that w is not spanned 
by the existing securities—will in general be 
priced differently by different sustaining price 
systems.” 

Consider next a specific security program 
Z with associated opportunity set 2(Z). Let 
K<S so that markets are incomplete. A 
planned investment by some firm k, all other 
firms holding their outputs constant, alters 
the state contingent return to k’s security in 
the future period, say to (z* + Az*). When 
this planned security lies “outside” the exist- 
ing market, (z* +Az*)¢Q(Z), different 
pre-investment sustaining state claims price 
systems will not generally yield the same 
value to post-investment portfolios. Specifi- 
cally, for individuals i and n the pre-invest- 
ment demand prices will be such that 


S,ai( zk + Az*) + Zrt (zt + Az). 
When these valuations differ across share- 


holders with sufficiently heterogeneous pref- 
- erences and/or endowments, some will find 


>See, for example, Phillip Dybvig and Stephen Ross 
(1982) or my 1984 study, ch. 4. 
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the planned investment value to be in excess 
of the initial outlay while others will not. In 
this case, unanimity does not obtain. And, 
when this occurs, “value-maximizing” firm 
decisions will be ill-defined, for whose prices 
are to be used to determine value? 


Il. Enter DeAngelo and Makowski 


This background provides the motivation 
for DeAngelo’s dual conditions for unanim- 
ity. His Theorem 1 implies that every set of 
pre-investment demand prices provide an 
unambiguous basis for valuing the planned 
investment when: 1) (opportunity set span- 
ning) z% + Az* lies in Q(Z); and 2) (scale) 
the change Az* is “small” relative to the 
total supply of returns in each state. Jointly, 
these conditions imply competitive conjec- 
tures: the scale condition is usual and the 
spanning condition makes clear the “scale of 
what.”® When these conditions occur simul- 
taneously, each shareholder perceives his de- 
mand prices to be unaffected. Furthermore, 
at fixed-claim prices, the indirect utility func- 
tions of the individuals will be increasing in 
wealth, which means that value-maximizing 
firm decisions will receive unanimous share- 
holder support. 

In his analysis, Makowski has argued that 
opportunity set spanning is not needed for 


- unanimity. Just as DeAngelo, he would have 


individuals use their existing state claim 
prices to value planned investment decisions, 
and this he finds to be possible when firms 
are properly small relative to the market. 
When will such “smallness” occur? 
Makowski provides several illustrative ex- 
amples. Using the above notations, we can 
quickly see to the core of these. First, assume 
that firm k’s intentions are to continue issu- 
ing security z* and, in addition, offer a new 
Az* security not spanned by securities of the 
pre-investment security program Z; that is, 
Az* €Q(Z). Let Z* indicate the opportun- 


© There would in general have to be offsetting changes 
by other firms to keep the social total of claims exactly 
the same in each state and thus assure actual price 
taking. DeAngelo covers this matter in detail. See also 
my 1978 article. 
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ity set with Az*, noting in turn that Q(Z) is 
a proper subset of Q(Z*) so that new trad- 
ing opportunities are created. Now rank the 
individuals in the economy by the values 
they place on the proposed security Az* at 
the existing, pre-investment demand prices. 
Consider specifically the set of individuals 
whose demand prices provide the (single) 
greatest shadow value to Az*. Allocate Az* 
only to the members of this set. At this 
point, Makowski would have us think of 
some combination of a small Az* and a 
large number of individuals in this set so that 
each receives an insignificantly small incre- 
ment to ex ante consumption: small thus 
means that the allocation does not (signifi- 
cantly) affect any such individual’s optimal 
portfolio, utility, and thus marginal val- 
uation of state claims (and, therefore, de- 
mand prices for Az*). In short, the new 
trading opportunities are not valued by indi- 
viduals; in Makowski’s terminology, “no 
surplus” is created. For the smallness re- 
quirement to have application in a finite 
economy, we thus see requires a quite special 
collection of individuals and/or limitations 
on possible productions. 


II. Unanimity and Equivalently 
Complete Markets 


What conditions are sufficient for Makow- 
ski’s “no surplus?” A simplified example will 
suggest one interesting case. For this it is 
convenient to restrict attention to a pure 
capital structure decision—the relevance of 
the analysis to the investment (production) 
decision will be obvious in a moment. Think 
specifically of the case with three firms and 
four states of nature with rates of return 
given by the security program Z of Table 1. 
The three securities are linearly independent, 
spanning a 3-dimensional subspace of the 
4-dimensional state space (the security mar- 
ket is incomplete). It can be easily verified 
that a system of sustaining state claims prices 
for Z is 7,=0.3, m, =0.2, m =0.3, and 
aw, = 0.1. 

It is useful to denote the set of portfolios 
which are optimal for all individuals in the 
model economy by %2°(Z) and call this the 
efficient set: note that 2°(Z) is a (generally 
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TABLE 1 — SECURITY PROGRAM Z 





Securities States 

zi 1.111 1.111 1.111 1.111 
z? 1.250 1.875 0.625 0.625 
2 0.667 1.333 1.333 ` 1.333 


TABLE 2—SECURITY PROGRAM Z* 


Securities States 

z 1.111 1.111 1.111 1.111 
z? 1.250 1.875 0.625 0.625 
zd 0.833 1.250 1.250 1.250 
23¢ 0.000 1.667 1.667 1.667 


proper) subset of 2(Z). Now suppose, il- 
lustratively, that individuals maximize ex- 
pected utility with quadratic elementary util- 
ity functions. From the early work of Harry 
Markowitz (1952) and James Tobin (1958) in 
this case, it is known that each individual 
chooses an optimal portfolio as a linear com- 
bination of the riskless mutual fund R =z? 
and the all-risky aggregate (or market) mutu- 
al fund M = (1.6/3.1)z? +(1.5/3.1)z>. That 
is, portfolios of the two funds 


R=[1.111 1.111 1.111 1.111] 
M= [0.969 1.612 0.967 0.967] 


yield all optimal plans. We say that M and 
R span the efficient set: 2°(Z) is a plane in 
the state space. 

With this as background, now suppose 
that firm 3 undertakes a capital structure 
decision: it issues risky debt with a promised 
payment of $1.5, z34 = min[z?,1.5], and 
equity, z2°=z?—z>4, instead of its single 
security paying z? in each state s. To avoid 
problems of expropriation and wealth effects, 
assume that ex ante ownership shares in z7¢ 
and z*4 are the same as in z’. The security 
program Z* that results is given in Table 2. 
Notice that z? =z34+27*, for it is assumed 
that the capital structure change is without 
drains or subsidies. 

Having not changed individual utilities, 
the existence of the riskless asset, or the 
aggregate total of risky state claims, the effi- 


HIZ 


cient set does not change with the capital 
structure change: 2°(Z)=0°(Z*). Thus, 
even though there are new markets and new 
trading opportunities—Q(Z) is a proper 
subset of 2(Z *)— optimal plans for individ- 
uals can again be written as a portfolio of the 
same two mutual funds R and M.’ And, with 
no changes in equilibrium there will be no 
changes in individual demand prices. In 
Makowski’s terminology, we can say that no 
surplus is created by the new markets offered 
with Z* relative to Z. 

By induction from the above case it is seen 
that when more than two mutual funds span 
the efficient set, and these are not altered 
when changing from an original program Z 
to some new Z*, then the no surplus condi- 
tion continues to hold. That is, as long as 
neither wealth positions nor the efficient set 
are altered with changes in the portfolio op- 
portunity set, new trading opportunities do 
not change individual consumption plans or 
demand prices. 

Notice im the example above that the 
change from Z to Z* completed the market: 
the four securities of the revised program Z* 
have linearly independent returns. Thus, in- 
sofar as individuals are concerned, the origi- 
nal market Z provides all the relevant con- 
sumption possibilities of a complete market, 
and, in equilibrium with either Z or Z* (all 
other things constant), the allocation of risk 
in the cross section of individuals is identical. 
More generally, let Z and Z* be two secur- 
ity programs where rank(Z*)=S, rank(Z) 
= K, and K <S. Z* represents a complete 
market, but Z does not, which means that 
Q(Z) is a proper subset of Q(Z*). We say 
that the markets associated with the security 
program Z are equivalently complete if 
0°(Z) = 2°9(Z*). 

Suppose that the number of individuals J 
is less than the number of securities. Then, 
clearly at most J mutual funds will span the 
efficient set. In large economies, this case is 
of little significance, but it does raise the 


7While M has the same pattern of state-contingent 
returns, note, however, that it is made up somewhat 
differently as M =[(1.6/3.1)z? +(1.2/3.1)2947+(0.3/ 
3.1)27¢}. 
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question of when there will be a small num- 
ber of such spanning mutual funds. In this 
regard it is possible to limit the class of 
individuals to some subset of those who are 
risk-averse, expected-utility maximizers, limit 
the joint distribution on returns of the secur- 
ities, or use some combination of these two 
limitations. 


IV. x-Fund ‘Spanning 


When a riskless asset exists, security return 
distributions are not restricted (except that 
have appropriately finite moments), and we 
make the usual assumption that individuals 
are risk averse with homogeneous probability 
beliefs, then two-fund spanning of 2°(Z) 
occurs if and only if each elementary utility 
function exhibits linear risk tolerance with a 
common “slope” parameter (see Mark 
Rubinstein, 1974; and Michael Brennan and 
Alan Kraus, 1976). By specific choice of the 
intercept and slope parameters in the expres- 
sion of linear risk tolerance, these utility 
functions can be made to possess increasing, 
constant, or decreasing absolute or relative 
risk aversion. This includes all of the com- 
monly used quadratic, logarithmic, exponen- 
tial, and power elementary utilities. In this 
respect the limitation to linear risk tolerance 
does not appear to be overly restrictive. On 
the other hand, the requirement that the 
slope parameter be common means that indi- 
viduals in the economy can differ only to the 
extent allowed by the intercept parameter 
and their investment wealth. The commonal- 
ity of slope requires that each and every 
utility function belong to a single subclass. 
For example, when one individual has loga- 
rithmic utility, then so must all others, and 
this holds also for exponential utility. Fur- 
ther, if one individual has utility represented 
by a power function, then all individuals 
must have power functions of the same 
power. Finally, note too that the analysis has 
assumed homogeneity of probability esti- 


®Let r(w) be the Arrow-Pratt measure of absolute 
risk aversion. Then 7(w) =1/r(w) is the risk tolerance 
function and T(w)=a+ Bw indicates utility that is 
linear in risk tolerance. 
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mates across individuals, so that on closer 
inspections individuals cannot differ by “ very 
much” at all if two fund spanning is to occur 
by specification of individual characteristics. 

While the class of elementary utilities 
yielding x > 2 fund spanning are somewhat 
less restrictive, on close inspection David 
Cass and Joseph Stiglitz have concluded that 
“,.[efficient set] spanning turns out to be a 
property limited to a very, very few utility 


functions” (1970, p. 144). In reaction to this, - 


Stephen Ross (1978) has studied the alterna- 
tive case, conditions on the joint distribution 
of security returns necessary and sufficient 
for efficient set spanning. Roughly, limiting 
individuals only to expected utility maximi- 
zation, he shows that « mutual funds span 
0°(Z) if and only if there exist constants a, 
(k =1,2,...«) such that, for all j, 


where the m* are the spanning mutual funds 
and the e, are mean zero noise with respect 
to the mutual fund returns. This restriction is 
satisfied for x = 2 when security returns are 
joint normally distributed, or more generally 
are in the class of 2-moment stable distribu- 
tions, or when the joint distribution is sym- 
metric. «-moment stable distributions assure 
x-fund spanning of Q°(Z), but not much is 
known about specific conditions for higher 
order spanning other than that. 

When interpreting the m* as common fac- 
tors and imposing mild restrictions on the ¢,, 
Ross has, in addition, derived an asymptotic 
spanning theorem. Specifically, he shows that 
as the number of securities become large, the 
k common factors become perfectly corre- 
lated with x mutual funds independent of 
any other distributional assumptions on the 
factors or noise terms. As empirical studies 
of security returns have generally found fewer 
than five statistically significant common fac- 
tors, and available securities number in the 
thousands, this approximation result appears 
to have a reasonable empirical basis.” Effi- 


*$ee Richard Roll and Ross (1980). 
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cient set spanning with a few “mutual funds” 
thus appears to be a case of interest. 


V. Production Decisions 


To this point I have restricted’ attention to 
capital structure changes. In perfect markets 
without drains and subsidies these “packag- 
ing” changes can affect trading opportunities 
—they can alter the opportunity set—but 
they do not alter the firm’s overall output or, 
therefore, the aggregate (social total) of state 
claims. In contrast, changes in the firm’s 
output plan (production) generally. affects 
trading opportunities in the same way as a 
change in capital structure,. and it also gen- 
erally alters the aggregate total of state 
claims. For competitive production, it is thus 
necessary that any new trading opportunities 
that are created not provide value by altering 
the efficient set as described above and that 
the additions to aggregate claims in every 
state be insignificantly small in the usual 
sense. 


VI. In Conclusion 


. These observations suggest the following 
corollary to DeAngelo’s basic theorem. 


COROLLARY: Let conditions for equiv- 
alently complete markets occur. Then, if the 
ex ante shareholders of a firm also have com- 
petitive conjectures with respect to scale, net 
value maximization will be unanimously sup- 
ported as a firm objective. 


As a final remark, let me note that it is 
usual to think that the number of states of 
nature is very large and the number of secur- 
ities is relatively small in comparison. Mar- 
kets are as a result thought to be incomplete 
and this has precipitated the concern for 
differences between full and constrained 
Pareto optimality of risk allocation and, more 
fundamentally, the concern for unanimity 
and an appropriate firm objective. Today, I 
think most economists involved with capital 
markets are less sure of the relevant incom- 
pleteness of such markets. That is for several 
reasons. We now understand that the proper 
question is whether or not the efficient set of 
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plans (and not the entire consumption set) is 
spanned with changes in firm decisions. 
Moreover, the option feature of stocks and 
bonds and the compound option nature of 
the securities derived from them (puts, calls, 
warrants, etc.) are now known to complete 
markets in ways that do not imply large 
(incremental) information and transaction 
costs. And, finally, it is now being realized 
that under not too restrictive conditions, 
somewhat coarser partitions of states than 
heretofore thought are relevant (see, for ex- 
ample, my 1984 study, ch. 10). 
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Inflation, Real Balances, Output, and Real Stock Returns 


By JASON BENDERLY AND BURTON ZWICK* 


Over the 1954-81 period, as well as earlier 
in the century, a negative simple correlation 
existed between the real-return on common 
stocks and the rate of inflation in the United 
States. This evidence of an inverse relation 
contrasts with the traditional theory that the 
rate of return on equities should be invariant 
with respect to nominal variables such as 
inflation. 

Eugene Fama (1981) concludes that the 
negative simple correlation between real stock 
returns and inflation is spurious because it is 
the result of two structural relationships: a 
positive relation between current real stock 
returns and expected output growth, and a 
negative relation between expected output 
growth and current inflation. Fama first con- 
cludes that in an efficient market, expected 
output or earnings growth is the primary 
determinant of .stock returns. He then ex- 
plains the negative relation between inflation 
and expected output growth by particular 
models of money demand and the equation 
of exchange in which causality runs from 
expected (future) output growth to current 
inflation, rather than from current inflation 
to future output. l 

This paper extends Fama’s efforts to show 
that the negative simple correlation between 
the rate of inflation and real stock returns is 
spurious. In Section I, we focus on the posi- 
tive relation between current real stock re- 
turns and expected (future) output growth. 
We present estimates of stock return equa- 
tions for periods other than Fama’s 1954-76 
sample. In Section II, we focus on the nega- 
tive relation between current inflation and 
future output growth. We present an alter- 
native explanation of the inverse inflation- 


*Kidder, Peabody and Company, 10 Hanover Square, 
New York, NY 10005. We are grateful to Michael 
Hamburger for extensive discussions, and appreciate the 
comments of Ira Kaminow, Hugh Neuburger, and 
Richard Roll, the research assistance of Gary Bigg, and 
the typing of Michele Pirone. 
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future output relation based on a real bal- 
ance model of unemployment and output 
originally presented by Jerome Stein (1982) 
and in our earlier article (1985). In contrast 
to Fama’s analysis, we view the causality as 
running from current inflation to future out- 
put growth, rather than from future output 
growth to current inflation. We show how 
Fama’s inflation estimates are more plausibly 
interpreted as a transformation of our esti- 
mated output model. We then integrate the 
stock returns-future output results from Sec- 
tion I and the output-inflation results from 
Section II into an overall relation among real 
stock returns, future output growth, and cur- 
rent inflation. 


I. Inflation, Output, and Real Stock Returns 


Fama argued that, in an efficient and for- 
ward-looking market, real stock returns 
should reflect expectations only about real 
variables, such as growth in output or pro- 
duction. Any inverse relation between real 
stock returns and inflation must reflect an 
inverse relation between inflation and future 
output or production growth.! 

To test for an effect of inflation on real 
stock returns that is independent of future 
output growth, we follow Fama and regress 
real stock returns (RS,) against next year’s 
output growth (%Q,,,) and this year’s infla- 
tion rate (% P,).” Using ordinary least squares, 


1Reuben Kessel (1956), Zvi Bodie (1976), Jeffrey 
Jaffe and Gerschon Mandelker (1976), Charles Nelson 
(1976), and Fama and G. William Schwert (1977), among 
others, report significant simple correlations between 
real stock returns and the contemporaneous inflation 
tate. These studies were in part the motivation for 
Fama’s analysis. 

?RS is an ex post rather than an ex ante measure of 
returns. Most analysts interpret the effect of expected 
output growth on RS as the result of output’s effect on 
expected earnings and dividends. Robert Shiller (1984) 
suggests that the effect of output growth on RS also 
reflects the effect of output growth on the discount rate. 
The supply of shares being relatively fixed, increased 
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parameters were estimated with annual data 
from 1954-76 (Fama’s original period of 
estimation), 1956-76 (because of unusual 
stock return behavior in 1954 and 1955 as 
discussed below), and 1956-81 (to pick up 
the latest period for which data on %Q,,, is 
available). Because of first-order autocorrela- 
tion, the 1954—76 estimates were reestimated 
using generalized least squares. RS is mea- 
sured using the Ibbotson-Sinquefeld data 
base, Q is measured by real GNP, and P is 
measured by the deflator for personal con- 
sumption expenditures.? Following Fama, we 
measured stock returns using year end (De- 
cember) data, output growth using annual 
average data, and inflation using year-end 
(December) data. That is, RS, is the real 
return from December of year t—1 to De- 
cember of year t, %Q,,, is growth in output 
from year ¢ to year f¢+1, and %P, is the 
growth of the price level from December of 
year t —1 to December of year ¢ (t-statistics 
‘are shown in parentheses). 


1954-76 
.RS,= —.042+ 6.50%Q,,; —2.91%P, 
(—.42) (5.28) (-1.71) 
R? =.71; D-W=2.01, S.E.=.118, p =.48 
(2.40) 
1956-76 
RS,= —.116+ 6.04%Q,,,;—1.05%P, 


(—1.50) (5.17) (—.88) 


R?=.70, D-W=1.70, S.E.=.106 


output raises the demand for shares irrespective of any 
changes in expected earnings and dividends. Whatever 
the reason for the effect of expected output growth on 
RS, the measure RS should not be confused with an 
ex ante real return or any other measure assumed to 
` affect capital investment. 

3In measuring inflation and deflating the Ibbotson- 

Sinquefeld series of nominal stock returns, we used the 


personal consumption‘expenditures deflator rather than | 


the Consumer Price Index because of factors—particu- 
larly the treatment of housing costs—that caused the 
CPI to-overstate the rate of inflation in the late 1970’s 
and 1980. None of our results are materially affected by 
the particular measure of inflation chosen. 
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1956-81 
RS, = —.124+ 5.23%Q,,,+ .19%P, 
(—1.49) (4.12) (17) 
R? =.47, D-W=1.71, S.E.=.133. 


For the 1954-76 period used by Fama, the 
coefficient of inflation is almost statistically 
significant (¢ = — 1.71) and suggests an effect 
of inflation on real stock returns independent 
of the stable and statistically significant effect 
of future output. This is the counterpart to 
Fama’s equation (A6) (p. 558), which re- 
gresses RS, against %Q,,, and measures of 
expected and unanticipated inflation. How- 
ever, for 1956-76 and 1956-81, the output 
coefficient remains highly significant, but the 
inflation coefficient is no longer significantly 
different from zero. The reason that the 1954 
and 1955 observations are sufficient to alter 
the inflation-stock return relation is apparent 
from the time-series of RS, %Q,,,, and %P, 
presented in Table 1. The 1954 real stock 
return of 53 percent is the highest of the 
sample period while the inflation rate of —.4 
percent is the lowest of the period. The 1955 
return of 31 percent is the third highest of 
the period, while the inflation rate of 0.4 
percent is second lowest of the period. 

In addition to the sample periods just dis- 
cussed, twelve window regressions 15 years 
in length were run over the 1956-81 sample 
period. For all 15-year intervals since 1956, 
the inflation coefficient is insignificant while 
the output term is highly significant. As al- 
ready mentioned, the 1954 and 1955 ob- 
servations were the major outliers of the 
post-Korean War period. Despite the diver- 
gent pattern of returns in 1954 and 1955, we 
made one final estimate—from 1954 (the 
initial year in Fama’s sample) through 1981 
(the most recent year for which %Q,,, is 
available). The 1954-81 sample period esti- 
mate also shows a significant output coeffi- 
cient [6.25(¢=3.71)] and an insignificant 
coefficient on inflation [—.99(¢ = —.64)]. 
Even including the 1954 and 1955 observa- 
tions, the independent effect of inflation on 
real stock returns observed in Fama’s 1954— 
76 estimates disappears when the estimation 
period is extended through 1981. . 
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TABLE 1—REAL STOCK RETURNS, OUTPUT GROWTH, 
AND INFLATION! 1954-81 


(Shown in Percent) 
Real Output 
Returns Growth Inflation 

(RS,) (20,41) (%P,) 
1954 53.0 6.7 —0.4 
1955 31.2 2.1 0.4 
1956 3.7 1.8 2.9 
1957 —13.8 —0.4 3.0 
1958 41.7 6.0 1.7 
1959 10.5 2.1 1.5 
1960 —1.3 2.6 1.8 
1961 26.1 5.8 0.8 
1962 —10.5 4.0 1.8 
1963 21.2 5.3 1.6 
1964 15.5 6.0 1.0 
1965 10.2 6.0 2.3 
1966 —13.3 2.7 3.2 
1967 21.3 4.6 2.7 
1968 6.8 2.8 4.3 
1969 —13.5 —0.2 5.0 
1970 ~ 0.4 3.4 44 
1971 10.5 5.7 3.8 
1972 15.4 5.8 3.6 
1973 —22.6 —0.6 7.9 
1974 — 37.3 -12 10.8 
1975 31.2 5.4 6.0 
1976 19.1 5.5 4.7 
1977 —13.1 5.0 5.9 
1978 -13 2.8 7.9 
1979 8.6 —0.3 9.8 
1980 22.2 2.6 10.2 
1981 —12.2 -19 73 





By our interpretation, these estimates show 
a consistent and statistically significant effect 
of next year’s output on real stock returns. 
-Given next year’s output, the effect of re- 
ported inflation on real stock returns is not 
significant. This result appears consistently 
in estimates over all intervals excluding 1954 
and 1955. And even when 1954 and 1955 are 
included, the significant effect of inflation 
disappears in estimates extending through 
1981. 

In his estimation of stock returns, Fama 
separated inflation into expected inflation 
(EITB) and unexpected inflation (UITB). 
The EITB,_,, expected inflation from De- 
cember of t —1 to December of 1, is inflation 
as predicted from a model in which inflation 
in ¢ is regressed against the Treasury bill rate 
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at the end of ż—1, and UITB,_, is the 
unexplained variance of inflation.* 

Fama reports a statistically significant 
effect of EITB,_, (t= —1.84), given %Q,,; 
and UITB,_,, in estimates for 1954-1976. 
Only by including monetary base growth was 
Fama able to eliminate the effect of EJTB,_,. 
However, when we excluded 1954 and 1955, 
the t-statistic on EITB,_, falls to less than 
5. Just as with reported inflation, these 
estimates show no significant effect of ex- 
pected or unexpected inflation in estimates 
excluding 1954-1955. We then used the 
Livingston: survey measure of expected infla- 
tion to partition actual inflation into ex- 
pected and unexpected components. Using 
the Livingston measure, the coefficients of 
both expected and unexpected inflation are 
insignificant even when 1954-55 are in- 
cluded.° 

We interpret the results of this section as 
very strong support for Fama’s argument 
that the negative simple correlation between 
the level of inflation and real stock returns is 
the result of a second negative relation be- 
tween inflation and future output growth. 
Our explanation of this negative relation is 
provided in Section II, Part A.° 


4For a detailed discussion of the derivation of EITB, 
see Fama and Michael Gibbons (1982). 

*Both of these measures of expected and unexpected 
inflation follow Fama and Livingston in using the CPI. 

6Fama’s analysis—and our analysis in Section 
I—focuses on an inverse relation between real stock 
returns and the /evel of the inflation rate. It does not 
relate to the argument of Martin Feldstein (1980) which 
links real returns to the change in the rate of inflation. 
(More precisely, Feldstein’s theory relates returns to a 
change in expected rather than reported inflation.) His 
analysis is based on the nonneutrality of the tax system 
due to historical cost depreciation and the taxation of 
nominal rather than real investment returns. We re- 
gressed real returns against next year’s output and the 
contemporaneous change in inflation (A% P). The change 
in inflation, in contrast to the level of inflation, was 
statistically significant and suggests that stock return 
models based on future output growth can be improved 
by including the contemporaneous change in inflation. 
Reflecting Feldstein’s emphasis on expected rather than 
reported inflation, we replaced A%P with first dif- 
ferences in the Livingston and Fama (Treasury bill rate) 
measures of expected inflation. Neither measure was 
significant. The inferior performance of these expected 
inflation measures suggests that 1) the significance of 
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Il. The Real Balance Effect 
The real balance effect, as originally for- 


mulated by Pigou and Patinkin, refers pri- 
marily if not solely to the direct effect of 


real money balances on private expendi- - 


tures, particularly consumption. Subsequent 
elaboration, by monetarists and also neo- 


Keynesians such as Franco Modigliani (1971) . 


in his formulation of the FMP model, has 
extended the real balance effect ‘to include 


not only the direct effect of real balances on _ 


the demand for goods, but also the effect of 


real balances on asset prices, which in turn ` 


affect the aggregate demand for goods. Par- 
ticularly when extended to include the trans- 
mission of. monetary changes through the 
‘financial sector, the real balance effect oc- 
cupies an important role in almost all 
monetarist and neo-Keynesian analyses of 
aggregate demand. Our analysis of output in 
Section II, Part A, and stock returns in Sec- 
tion II, Part B, is based on the theory of a 
real balance effect.” 


A%P occurs for reasons unrelated to Feldstein’s theory, 
or 2) the change in expected inflation is even more 
difficult to measure than the level of expected inflation, 
and A%P may be a more accurate measure than either 
the Livingston or the Fama series. 

In many recent macro models, economists have 
emphasized optimal forecasts (i.e., forecasts based 
on rational expectations), whereby rational economic 
agents utilize whatever information is available to obtain 
optimal forecasts. Many of the models that include 
optimal forecasts suggest that most, if not all, of the 
output effects of money growth and other policy vari- 
ables result from errors in the forecasts of policy vari- 
ables. Optimal forecasts are not directly observable, and 
no consensus has yet emerged about how to measure 
optimal forecast values. As a means of linking our 
analysis with the recent emphasis on forecast errors, we 
follow Karl Brunner, Alex Cukeirman, and Allan Meltzer 
(1980), who emphasize economic. agents’ inability to 
distinguish immediately between permanent and transi- 
tory shocks, and Stein, who emphasizes uncertainty and 
risk aversion as part of an “asymptotically rational 
expectations” hypothesis. In both of these models, ex- 
pected money growth is at least partly determined by 
past money growth, which we proxy by %P. Positive 
real balance growth implies faster than optimally fore- 
cast money growth and, given the other determinants of 
_ Output growth, higher output growth; negative real bal- 
ance. growth implies slower than optimally forecast 
money growth and lower output growth. í 
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..A. Linking Inflation with Future Output 
via the Real Balance Effect 


Fama (1981, 1982) and Fama and Michael 
Gibbons (1982) explained the inverse rela- 
tion between inflation and future output as 
running from future (expected) output to 
current inflation. As described more fully 
below, Fama’s inference that inflation re- 
sponds inversely to next year’s output is 
based on estimates of the following equa- 
tion: 8 ; 


(1) DP, = %P,(%B,, O14 1; OQ PQ) 
%P, > 0; % Py 3,4<0, 


where %P is the inflation rate, %B is the 
growth rate of the monetary base, and %Q is 
the growth rate of output. The purpose of 
this section is to show that the empirical 
estimates of Fama’s inflation equation are 
more: plausibly viewed as estimates of the 
following output (or unemployment) equa- 
tion originally proposed by Stein: 


(2) %0,= TO, (%B,1,%P,-1, U,-1) 
%0,3>0; %Q,<0, 


where U is the unemployment rate. 
Parameter estimates of equation (1) are 
presented below. The estimates are obtained 
using annual data from 1954 to 1981. Similar 
results are obtained using other estimation 
periods such as 1954-76, 1956-76, and 
1956-81. We measure %O using annual 
average data for real GNP, %B- using De- 
cember data of the adjusted monetary base 
as published by the Federal Reserve Bank of 
St. Louis, and %P using December data of 
the personal consumption expenditures de- 
flator. Except for the use of the consumption 


8Fama also included %B,_, in 1954-76 estimates of 
his inflation equation. We omit %B,_, below because its 
coefficient was insignificant over the 1954-81 period 
used to estimate this and the other equations of this 
section. Estimates of the equations of this section over 
other periods, such as 1956-76 and 1956~81, are quite 
similar to those reported for 1954—81. ` 
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deflator rather than the CPJ, our measures 
of %0, %B, and %P are identical to Fama’s. 
Estimates of equation (1), 1954-81, are as 
follows: 


BP, = 3.17 + .73%B, —63%Qra4 
(4.70) (7.88) (—8.48) 


—.26%O,+ .01%0,_4 
(— 3.70) (.26) 


R? =.91, D-W= 2.02, S.E.=.90, p=.48 
(2.52) 


The coefficients of all of the variables in 
equation (1), except %Q,_,, are statistical- 
ly significant. The first-order autocorrela- 
tion term is also significant. The significant 
first-order autocorrelation term reduces the 
standard error of the equation from .97 to 
.90 and suggests that a relevant variable has 
been omitted. 

Of particular importance for Fama’s pur- 
poses, the coefficient of %Q,,, is —.63 with 
a t-statistic of —8.48. To explain how %P, 
and %Q,,, are related, Fama used a some- 
what unconventional money demand model 
in conjunction with a “rational expectations 
version of the Fisherian quantity theory of 
money” (p. 549). In his money demand 
model, current money demand is a function 
not of current output, but of expected output 
which he proxied by future output (%Q,,.,). 
(Fama viewed %Q, and %Q,_, as additional 
proxies of expected output.) In Fama’s ra- 
tional expectations quantity theory, output is 
taken to be determined completely indepen- 
dent of the monetary sector. This allows 
Fama to take future output (his proxy for 
expected output) as exogenous with respect 
to current money growth. Money supply is 
taken as exogenous with respect to prices, so 
that inflation is endogenous with respect to 
future output growth. Within this framework 
of money demand and the autonomous de- 
termination of output, Fama interpreted the 
strong negative relation between %P, and 
%Q,,, in equation (1) as the result of ex- 
pected output (proxied by %Q,,,) affecting 
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current money demand. Given nominal mon- 
ey growth, the output-induced movement in 
money demand must be accompanied by an 
inverse response of inflation in order to clear 
the equation of exchange. 

Fama’s approach is different from main- 
stream monetarist-neo-Keynesian analysis, 
both with respect to the demand for money 
and the quantity theory. With regard to 
money demand, Fama assumes as already 
mentioned that current money demand is a 
function of expected rather than current out- 
put. He suggests that this assumption follows 
directly from rational expectations and effi- 
cient market forecasts of future output. While 
market efficiency may suggest some incentive 
to base current money demand on expected 
(future) output, it does not relieve the public 
from the competing incentive to maintain 
money balances that are in equilibrium with 
respect to current output. Individuals will 
adjust money demand to expected output 
only if the costs of adjusting money balances 
coincident with output changes exceed the 
costs of holding balances out of equilibrium 
with current needs. Also, the positive re- 
sponse of money demand to higher expected 
output occurs in conjunction with another 
response already emphasized by Fama— 
namely, a positive response of stock prices to 
higher expected output. Unless the positive 
stock price response occurs completely inde- 
pendently of an increase in the demand for 
stocks, the positive responses of money de- 
mand and stock prices can occur only if an 
increase in expected output increases the de- 
mand for both money and common stocks. 
Such a portfolio adjustment would require a 
negative response in the demand for some 
third asset such as bonds. This is of course 
possible, but it would contrast with the re- 
sponse implied by most portfolio models 
which place bonds and most other assets 
intermediate between money at one extreme 
and real capital assets at the other. Finally, 
Fama includes an interest rate, measured at 
the beginning of the period, and finds its 
coefficient to be insignificant. Insofar as his 
inflation equation is the result of a process 
including money demand, it may be worth 
noting that almost all analyses of money 
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demand functions include a current interest 
rate as one of the arguments.” 

Turning to the relation between inflation 
and output, Fama’s assumption that output 
is determined independently of the monetary 
sector—or independently of money relative 
to prices—contrasts sharply with the disequi- 
librium dynamics of the real balance models 
discussed in the introduction to this section. 
In these models, monetary impulses affect 
the intermediate term path of output. Be- 
cause of the differences between Fama’s in- 
flation-output relation and the causality 
posited in real balance models, we present 
parameter estimates of equation (2), which is 
a real balance/natural rate equation of out- 
put growth. Estimates are obtained using 


annual data, 1954-81. The level of unem- — 


ployment U is measured by the married male 
unemployment rate which is more stationary 
than the total unemployment rate. 


%O,= —1.27 + 81%B,_, 
(-1.79) (8.21) 


ae 93%P,_1+ 1.33U,_; 
(-9.65) (6.94) 


R? =.84, D-W=1.79, S.E.=1.02. 


The coefficients on all of the variables of 
this equation are statistically significant and 
correct in sign. In contrast to equation (1), 
no autocorrelation correction is needed. Stein 
offered the following interpretation for equa- 
tion (2). Changes in aggregate demand are 
related to lagged changes in real money bal- 
ances. Equating expenditures and output, the 
growth rate of output (%Q,) is a function of 
the growth rate of lagged real balances 
(%(B,_,/P,_1)), which can be approximated 
by %B,_,—%P,_,. Reflecting the tendency 
of the economy to move toward a natural 
level of unemployment, real growth is also 
positively related to lagged unemployment, 


°For a recent survey of alternative money demand 
specifications, all including at least one statistically sig- 
nificant interest rate coefficient, see John Judd and John 
Scadding (1982), especially Table 1, pp. 996-97. 
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U, -° By this interpretation, the statistically 
significant coefficients on lagged money 
growth and lagged inflation reveal a strong 
real balance effect. The statistically signifi- 
cant coefficient on lagged unemployment re- 
flects the natural rate tendency of the econ- 
omy. 

Equations (1) and (2) are similar in that 
both contain base growth and inflation in 
one period and output growth one period 
later. This similarity, along with the un- 
conventional nature of Fama’s assump- 
tions about money demand and the inflation- 
output relation, encouraged us to introduce 
the level of unemployment (contempora- 
neous with inflation) into equation (1). We 
removed %Q,_, because it was insignificant, 
thereby obtaining 


(3) %P,=%P(%B,,%Q,.1,%O,,U). 


Estimates of this equation, 1954-81, are as 
follows: 


%P,= 124+ 81%B, ~.77%Q.4; 
(1.62) (14.99) (—11.69) 


—.20%0,+ .59U, 
(~2.91) (3.19) 


R?=.93, D-W=1.83, S.E.=.81. 


The coefficient on unemployment is statis- 
tically significant. Of greater interest is the 
effect of unemployment on the total equation 
and virtually all of the individual parame- 
ters. With regard to the total equation, the 
standard error is reduced to .81 from .90, or 
more appropriately, from .97 before equation 


10More precisely, real growth is positively related to 
lagged unemployment relative to its natural rate. We 
measured unemployment by a total unemployment rate 
linearly detrended and also by the married male unem- 
ployment rate, which had very little trend over the 
1955-81 period. Because of the limited trend in married 
male unemployment, U, — U* for married male unem- 
ployment is approximately equal to U, — Uy,r, where 
U* is the mean of U and Uyar is the natural rate of 
unemployment. This allows us to interpret the coeffi- 
cient on U in equation (2) not only as the coefficient on 
U, — U* but also as the coefficient on U, — Uyar- 
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(1) was adjusted for first-order autocorre- 
lation. The inclusion of unemployment re- 
moves the first-order serial correlation of the 
error term, suggesting that the omitted vari- 
able in equation (1) is either the level of 
unemployment or is highly correlated with 
the level of unemployment. The coefficients 
on both %B, and %Q,,, increase slightly, 
while the t-statistics increase by 90 and 40 
percent, respectively. The jump in the ¢-statis- 
tics when unemployment is introduced sug- 
gests that the relation between these varia- 
bles and inflation is more closely isolated by 
the inclusion of the level of unemployment. 
At the same time, the coefficient and t-statis- 
tic on current output falls, suggesting a 
tradeoff between current output growth and 
` the current level of unemployment. The op- 
posite effects of unemployment on the coeffi- 
cients and t-statistics of current output on the 
one hand, and future output on the other, 
suggests that current and future output bear 
very different structural relations to current 
inflation. 

Since the variables in equation (3) are 
almost identical to those in equation (2), the 
beneficial effects of U, in equation (3) could 
almost have been anticipated once the simi- 
larity between Fama’s inflation equation and 
Stein’s real balance output equation was rec- 
ognized. Whereas the importance of U, in 
equation (3) follows directly from a real bal- 
ance analysis, we can think of no reason 
within Fama’s framework to explain the role 
of the level of unemployment. Particularly in 
view of the strong assumptions necessary to 
arrive at Fama’s equation in the first place, 
we interpret equation (1) as a transformation 
of equation (2), the real balance output equa- 
tion. By our interpretation, the estimates of 
equation (1) show a relation not of future 
output to current inflation via a money de- 
mand model of inflation but a relation of 
current inflation (and current money growth) 
_ to future output via a real balance model of 
output. Fama has mistakenly transformed an 
output equation into an inflation equation. 

Stability tests of equations (1) and (2) 
provide additional support for our real bal- 
ance/output as opposed to Fama’s money 
demand/inflation interpretation. We esti- 
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mated fourteen 15-year window regressions 
for both equations over the 1954-81 sample 
period. A “cusums” residuals test shows that 
equation (2) is stable; none of the residuals 
from the 15-year estimates fall outside a 95 
percent confidence interval. In contrast, re- 
siduals from the same test of equation (1) fall 
outside the confidence intervals in 1962, 1965, 
and 1966. Moreover, all of the individual 
parameters of equation (2) are stable over 
the sample period, whereas two of the indi- 
vidual parameters of equation (1) show sig- 
nificant instability. In the early 15-year sam- 
ples (1954-68 to 1962-76), the constant in 
equation (1) varies between 2.8 and 4.1, with 
a t-statistic always greater than 3.2. In the 
later samples (1964-78 through 1967-81), 
the constant in equation (1) varies between 


1.1 and 2,1 with a t-statistic always below 


1.6. The coefficient of monetary base growth 
in equation (1) moves from the .4—.5 area 
in the early 15-year samples (1954-68 to 
1958-72) to .9-1.2 in the later samples 
(1964-78 to 1967-81). This instability of the 
inflation equation and two of its individual 
parameters contrasts with the stability of the 
output equation and all of its individual 
parameters. 


B. Linking Inflation to Real Stock 
Returns via the Real Balance Effect 


The relation of stock returns to future 
output growth and the relation of output 
growth to Jagged base growth, inflation and 
unemployment in our real balance model of 
output suggest the following relation of stock 
returns to base growth, inflation and unem- 
ployment: 


RS, = RS,(%B,, %P,, U,) RS, 3> 0; RS, <0. 


Estimates of this relation for 1954—76, 
1956—76, and 1956-81 are presented below. 
The first interval is Fama’s original period of 
estimation. The 1956-76 period was chosen 
because of evidence in Section I suggesting a 
change in the behavior of stock returns after 
1955. The final interval was chosen to ex- 
clude 1954 and 1955 and to include the most 
recent years. 
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1954-76 


RS,= —.23 + 5.05%B, —8.78%P,+12.78U, 


(—1.76) (3.26) (-5.50) (4.26) 


R?=.76, D-W=1.92, S.E.=.105, p=.68 


(3.67) 
1956-76 


RS,= —.19 + 3.98%B, —6.45%P,+ 9.110, 


(—1.98) (3.55) (—5.09) (3.96) 


R? = 69, 
1956-81 


D-W=1.70, S.E.=.107 


RS,= ~.23 + 3.12%B, —4.27%P,+ 9.35U, 


(2.04) (2.32) (-3.39) (3.42) 


R?=.43, D-W=1.86, S.E.=.138 


For all three time periods, the coefficients 
of all of the determinants are statistically 
significant and correct in sign. They suggest 
a negative relation between inflation and real 
stock returns, given base growth and unem- 
ployment. We interpret this partial relation 
as the result of inflation’s effect on output via 
the real balance effect. The regressions of 
returns against the determinants of our out- 
put model also show a positive effect of base 
growth, given inflation and unemployment. 
Just as we interpreted the negative relation 
of real stock returns to inflation, given base 
growth and unemployment, as the result of 
inflation’s negative effect on output via the 
real balance effect, we interpret the positive 
relation of real stock returns to base growth, 
given inflation and unemployment, as the 
result of base growth’s positive effect on 
output via the real balance effect. This posi- 
tive relation contrasts with Fama’s finding of 
an inverse base growth-real stock return rela- 
tion, which he dismissed as purely statistical 
and without economic significance. It con- 
trasts even more sharply with Robert Geske 
and Richard Roll (1983), who suggest that 
the inverse relation between money growth 
and real stock returns is not a spurious sta- 
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tistical relation but instead reflects an inverse 
effect of real stock returns on money growth 
via the money supply process. 


WOI. Summary and Conclusion 


Most economists assume that, in long-run 
equilibrium, real variables such as real stock 
returns should be invariant with respect to 
rominal variables such as inflation. They 
also believe that, in efficient and forward- 
looking markets, real returns on equities 
should reflect expectations about real vari- 
ables such as expected output growth. In 
szeming contradiction to market efficiency 
and the invariance between nominal and real 
variables, a-negative simple correlation be- 
tween real stock returns and contempora- 
neous inflation existed over the 1954-81 
period, as well as over most of this century. 

Fama (1981) argues that, in efficient and 
forward-looking markets, real returns should 
be based on expectations about real vari- 
ables, such as future output. Any inverse 
inflation-real return correlation must reflect 
an inverse relation between inflation and fu- 
ture output growth, which Fama proceeds 
to explain as an effect of future output growth 
on current inflation via a money demand — 
model. We have presented stronger support 
than Fama for his argument that, given fu- 
ture output growth, inflation exerts no inde- 
pendent effect on real stock returns. We also 
presented an alternative explanation of the 
inverse output-inflation relationship, Accord- 
ing to our explanation, the inverse relation- 
ship between inflation and output runs from 
current inflation to future output via a real 
balance effect. Regardless of the direction 
of causality between inflation and output 
growth, our evidence and interpretation 
parallels Fama in suggesting that the stock 
market efficiently forecasts future output 
growth. 

Our proposed relationship between infla- 
tion and real stock returns based on the real 
balance effect is fully consistent with long-run 
invariance between nominal and real vari- 
atles as well as with market efficiency. This 
is because a structural relation between infla- 
tion and stock returns arising from the real 
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‘balance effect pertains only to periods of 
adjustment rather than long-run equilibrium. 
The real balance effect is a short-run disequi- 
librium phenomenon, operating only prior to 
the full adjustment of inflation to money 
supply growth. 
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The Cyclical Sensitivity of Wages 


By ANTHONY O’BRIEN* 


In recent articles in this Review, Jeffrey 
Sachs (1980) and Charles Schultze (1984)! 
have expressed differing views on the extent 
of the decline in the responsiveness of money 
wages to movements in aggregate demand in 
the post-World War II period. Each article 
presents a simple measure of wage respon- 
siveness. While undoubtedly crude, these 
-measures have a certain trout-in-the-milk 
appeal to them that contrasts with the un- 
avoidable unpersuasiveness involved in using 
potentially more definitive, but actually more 
uncertain, specifications. Hence, resolving 
_ this disagreement would seem to be of some 
value. This paper will demonstrate that, 
while Sachs’ analysis contains certain errors, 
his main conclusion of significantly di- 
minished postwar wage flexibility is correct. 
Schultze’s contrary conclusions are shown to 


result from difficulties with the wage series - 


he uses and from his selection of the time 
periods to be included in his analysis. Some 
additional data are also presented that indi- 
- cate that severe wage rigidity in American 
manufacturing first appeared during the 
1929-31 period. If true, this would indicate 
that the prewar/postwar dichotomy em- 
ployed by Sachs, Schultze, and others is mis- 


*Visiting Assistant Professor, Graduate School of 
Industrial Administration, Carnegie-Mellon University, 
Pittsburgh, PA 15213. Information has been kindly sup- 
plied by Jeffrey Sachs and Charles Schultze concerning 
the methods and data used in their papers. 

1Most of the evidence supporting Schultze’s conclu- 
sions appears in his 1981 Brooking Papers article. All 
further references to Schultze’s work are to this article. 

24 definitive analysis that would resolve all disagree- 
ments concerning the cyclical responsiveness of wages 
would probably depend on agreement on the proper 
specification of a Phillips curve-like relation, or set of 
relations, that would allow for a clear measure of the 
impact of aggregate demand on wages. Anyone familiar 
with the debates on Phillips curve specifications can 
gauge the likelihood of this happening. In this particular 
context see, for example: Sachs’ criticism of Michael 
Wachter’s 1976 specification (pp. 82-83), Robert J. 
Gordon’s criticism of Sachs (1980, pp. 244-45, 248, 
fn. 15), and Schultze’s criticism of Gordon (1981, 
pp. 533, 589). 
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leading, and would cast doubt on the argu- 
ment often advanced? that multiyear wage 
contracts, or other postwar phenomena, 
account for the decline in wage responsive- 
ness. 


I 


Tables 1 and 2 in Sachs’ paper give a clear 
presentation of the declining cyclical re- 
sponsiveness of wages in the postwar period. 
They are marred, however, by his use of a 
wage series that has been incorrectly pre- 
pared for the years 1890-1914. The result is 
that Sachs overstates the cyclical respon- 
siveness of wages during these years. 

The wage series employed in the wage 
inflation measures in Tables 1 and 2 (and 
used in calculating the dependent variable in 
the regressions presented later in the article) 
is, for the period 1890-1929, taken from 
Series B 72—Compensation per Hour, Man- 
ufacturing—in the Bureau of the Census 
Long-Term Economic Growth, 1860—1965 
(1966). The series was originally constructed 
by Albert Rees. Sachs describes his adjust- 
ments to the series as follows: “The Rees 
time-series is expressed in constant 1957 dol- 
lars. To get nominal wages, the wage series 
was multiplied by the CPI, Series E 135 in 
Long-Term Economic Growth, 1860-1965” 
(p. 89). | 

There are two problems with this. First-—a 
minor point— there is no Series E 135 in the 
Long-Term Economic Growth volume. Sachs 
actually used Series E 135 in another Bureau 
of the Census publication, Historical Statis- 
tics of the United States, Colonial Times to 
1970. More importantly, the source for Series 
B 72, Rees (1959, pp. 15-16} (see Long-Term 


‘Economic Growth, p. 150), gives the wage 


values in both real and nominal terms. For 
the years 1890-1914, the conversion from 
nominal to real values is made by Rees using 


3See, for example: Gordon (1983, pp. 106-07), 
Schultze (1981, pp. 541-42) and Sachs (p. $8). 
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TABLE 1—-COMPARISON OF THE SACHS 


AND REES WAGE SERIES 

Sachs Rees 
1890 143 144 
1891 143 144 
1892 144 145 
1893 ASI 151 
1894 141 139 
1895 137 138 
1896 144 .144 
1897 .140 140 
1898 138 137 
1899 146 .146 
1900 148 151 
1901 .153 158 
1902 165 165 
1903 172 170 
1904 170 169 
1905 173 172 
1906 182 .184 
1907 188 191 
1908 179 184 
1909 182 186 
1910 194 198 
1911 196 .202 
1912 .204 207 
1913 .220 221 


1914 .219 .220 
Source: see text. 


a cost-of-living index of his own construc- 
tion.* Therefore, Sachs’ method of multiply- 
ing Series B 72 by Series E 135 will not yield 
the correct values for 1890-1914 (25 of the 
40 years in his pre-World War II sample). 
The series Sachs used and the Rees series he 
ought to have used are given in Table 1.° 


4Series E 135 is the BLS Consumer Price Index. The 
values for 1890-1912 are based on Rees. However, the 
“technique used by the Bureau in splicing Rees’ series to 
earlier and later wage series causes the values they 
report to differ from those given by Rees. Compare U.S. 
Department of Labor, Bureau of Labor Statistics, Bul- 
letin 1790, p. 287, with Rees (1961, p. 4). 

5 The Rees series in Table 1 is from Rees (1961, p. 4) 
rather than from Rees (1959, pp. 15-16), since the 
former contains revised values for the years 1890-98. 
One other small point might be made here. In using 
Rees’ total compensation series, rather than his average 
hourly earnings series, a difficulty arises in calculating 
the percentage change from 1928 to 1929. Rees only 
attempts to estimate wage supplements beginning in 
1929; which is to say, before that year his average 
hourly earnings and total compensation series are identi- 
cal. Therefore, the percentage change from 1928 to 1929 
in the total compensation series is overstated. The total 
compensation series increases by 2.3 percent from 1928 
to 1929, while the average earnings series increase by 
only 1.5 percent. 


O'BRIEN: CYCLICAL SENSITIVITY OF WAGES 1125 


Sachs bases his yearly cyclical dates on the 
National Bureau of Economic Research’s 
quarterly dating, rather than on its yearly 
dating. Since the NBER considers its yearly 
dating to be more dependable than its 
monthly or quarterly dating, it might have 
been more standard to have used it.® Using 
the correct wage series, the NBER’s yearly 
cyclical dating, exact percentage changes— 
rather than their logarithmic approximations 
—and a postwar series that, because it ex- 
cludes overtime, is comparable to Rees’ pre- 
war average hourly earnings series would 
give the results in Table 2.” Sachs’ general 
conclusion that there was a significant de- 
cline in the cyclical sensitivity of wages fol- 
lowing World War II, while somewhat mod- 
ified, would appear to still stand.’ 

Schultze has challenged Sachs’ findings.’ 
He argues that measured against movements 
in nominal GNP, there has been only a small 
decline in the cyclical sensitivity of wages in 
the postwar period. Schultze’s conclusions 
rest on the data he presents in Table 6 (1981, 
p. 540), where he compares pre- and postwar 
flexibility coefficients for wages and finds 


®See Geoffrey Moore (1961, p. 670) for the NBER’s 
yearly dating. See p. 699 for a discussion of the greater 
dependability of the yearly dating over the quarter:y and 
monthly dating. The years at issue are the cyclical peaks 
of 1892 and 1903, and the cyclical trough of 1896. 

7The curiously small response of wages to cyclical 
activity during the 1890’s that Sachs notes is actually 
made smaller yet in my Table 2. This apparent anomaly 
disappears if we break with the NBER and date the 
peaks and troughs for these years by the peaks and 
troughs in Rees’ average hourly earnings series. Rees’ 
series has peaks in 1893 and 1896, and troughs in 1895 
and 1838 (1961, p. 4). The first two rows of Table 2 
would then be amended as follows: f 








Year Before Peak To 

Peak to Peak Trough 
(3) (4) (4)-@) 
4.1 ~43 — 8.4 
4.3 —2.4 —6.7 


8The pre-World War II values for cols. 4-3 have a 
mean cf — 7.33 percent. The post-World War II values 
have a mean of —1.17 percent. This difference is signifi- 
cant at the 5 percent level for a one-sided test (¢ = 1.764). 

*Schultze (1981, especially pp. 541 and 571, and 
1984, especially p. 160, fn. 1). See also the discussion 
between Sachs and Schultze in Schultze (1981, pp. 
591-92). 
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TABLE 2—CYCLICAL SENSITIVITY OF MANUFACTURING WAGES 
Annual Percentage Changes 
Average Hourly 

Earnings, Manufacturing ` Percentage 
Year Before Year Before Peak to Difference 
Peak to Peak Peak to Trough Peak to Peak Trough in Cols. 

@ (2) G 4 (9-3) (4)-(3)* 

1891-92 1892-94 T. —2.1 -2.8 76.9 
1894-95 1895-96 —.7 4.3 51 15.9 
1898-99 1899--1900 6.6 3.4 —31 26.2 
1902-03 1903-04 7 3.0 —.6 —3.6 14.3 
1906-07 1907-08 3.8 -3.7 —7.5 10.7 
1909-10 1910-11 6.5 2.0 —4£4 10.2 
1912-13 1913~14 6.8 —.5 -7.2 1.4 
1917-18 1918-19 32.0 14.4 —17.6 18.9 
1919-20 1920-21 15.9 ~—11.8 -27.7 26.9 
1922-23 1923-24 10.6 3.4 —7.2 TS 
1925-26 1926-27 8 1.0 2 - 
1928-29 1929-32 1.5 —5.6 =7.1 - 
1936-37 1937-38 11.8 —.5 -12.3 - 
1943—44 1944-46 5.9 5.5 —.4 - 
1947-48 1948-49 9.3 3.9 —54 - 
1952-53 1953-54 5.7 3.0 -2.7 - 
1956-57 1957-58 48 3.5 -1.2 - 
1959-60 1960-61 3.3 2.7 —C.6 - 
1968-69 1969-70 5.9 5.9 —.0 - 
1972-73 1973-75 6.8 9.7 2.9 - 


Source: Sachs, p. 80, Table 1. Data for 1890-1938 are average earnings per hour at work of wage earners in 
manufacturing. For 1890-1914: Rees (1961, p. 4). For 1917-38: Rees (1960, p. 3). Data for 1943-75 are average 
hourly earnings, excluding overtime, of production workers in manufacturing. For 1943-75: BLS Bulletin 1312-11, 


p. 930. 
*From values in Sachs’ Table 1. 


only small declines. The flexibility coeffi- 
cients consist of ratios of the difference 
between percentage changes per year in 
nominal wages (variously measured) in ex- 
pansions and contractions to the difference 
between percentage changes per year in 
private nonfarm GNP in expansions and 
contractions. His calculations are flawed, 
however, by the inadequacy of all three of 
the prewar average hourly earnings measures 
he employs. 

Schultze uses two series to represent pre- 
war private nonfarm average hourly earn- 
ings: a series he constructed by dividing 
Stanley Lebergott’s values (1964) for average 
annual earnings of full-time equivalent em- 
ployees by “a series developed by Kendrick 
and the Bureau of Labor Statistics (BLS) on 
average hours worked” (1981, p. 539) and an 


index of wages appearing in W. S. Woytin- 
sky.!° One series is used to represent prewar 
average hourly earning in manufacturing. It 
consists of Rees’ series on average hourly 
earnings per hour at work for 1900-19, and 
the BLS series on average earnings per hour 
paid for thereafter! These series are all 
inferior to simply using Rees’ series for the 
whole prewar period. The sources used by 
Lebergott are more appropriate to measures 
of annual earnings and, as Schultze notes, 
the technique used to convert Lebergott’s 
values to hourly figures may result in an 
underestimate of the actual cyclical sensi- 


See Lebergott (p. 524) and Woytinsky (1953, p. 
548). 
11 Schultze (1981, pp. 540-41); Rees (1959, pp. 15-16). 
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TABLE 3— FLEXIBILITY COEFFICIENTS 
‘Average Hourly Earnings (Manufacturing) 

g Rees . 
Period and ` .Rees/BLS —(Includin2 1929-40) (Excluding 1929-40) 
Measure 6). ) G3) 
Prewar Peacetime Cycles : 

Expansions 3.0 3.9 3.1 
Contractions “ 0.4 -1.6 0.3 
Change (Aw) 2.6 5.6 2.8 
Saira Aw: 
Fiesty | bee) 25 35 26 
Coefficients | Ay 
Adjusted Average Hourly Earnings 
Adjusted Private 
s é _ Compensation - Nonfarm Manufacturing 
Postwar Peacetime Cycles 
_ Expansions 4.8 44 44 
Contractions 4.0 3.7 3.3 
Change (Aw) 08 0.8 11 
eg ege Aw i 
Boabiltity Be 0.11. 0.10 0.16 
Coefficients | Ay 


Sources: Schultze (1981, Table 6, p. 540). Rees Series (1961, p. 4, and 1960, p. 3). 


tivity of wages in the prewar period.’? 
The Woytinsky series, although labeled by 
Schultze as “private nonfarm,” includes, for 
1900-13, earnings of federal and postal em- 
ployees. After 1913 the Woytinsky series ex- 
` cludes federal and postal employees, but in- 
cludes farm wage rates. Robert A. Gordon 
called the series “a hodgepodge,” and re- 
ferred to Rees’. series as “more reliable” 
(1975, pp. 299-300).'? Rees’ series is also to 
be preferred to the prewar BLS series, since 
Rees corrects for the bias introduced into the 
BLS data by the eoero of small 
firms in its sample.’ 


2Schultze (1981, p. 539, fn. 16). In discussing the 
construction of the manufacturing component of his 
index, Lebergott writes: “For 1900 to 1914, we do not 
use the recent estimates of Albert Rees. They mark: a 
significant advance for the measurement of hourly earn- 
ings, which was his primary objective, but are less 
suitable for measuring annual earnings” (p. 184). __, 

See Woytinsky (p. 584, fn.a). I assume that Schultze 
used the series given in first column of Table 16, p. 584. 

4See Rees (1960, pp. 5; 7-13; 15- -19). The following 
discussion of the BLS series appears in U.S. Bureau of 
the Census, Historical Statistics ...: 


The estimates of average weekly earnings for 1909-1931, 
based primarily on census data, tend to be more accu- 


Substituting Rees’ continuous series for 
the Rees/BLS hybrid that Schultze used ap- 
pears to make a considerable difference in 
his results, as is indicated by comparing col- 
umns 1 and 2 of my Table 3. Schultze also 
appears to have made a computational error, 
since dividing his value for Aw (from the 
hybrid Rees/BLS series) with my: value for 


_ Ay (constructed according to the procedure 


given by Schultze in his Appendix A) gives a 
result of .16. It seems a fair inference that the 
value for Aw/Ay in prewar manufacturing 
that should have been reported by Schultze 
in his Table 6 is .16 rather than .25. How- 
ever, in private correspondence, Schultze has 
provided information that clears up these 
discrepancies. A footnote was inadvertently 
dropped from Table 6 that would have stated 
that the data for the Great Depression years 
(1929—40) had been excluded from the anal- 
ysis. Omitting these years results, by my 





rate than those for average hourly earnings and average 
weekly hours. It is likely that the hourly earnings figures 
are overstated and the weekly hours understated because 
the ELS surveys of wages tended to sample large firms 
more heavily than small firms. (1975, p. 153] 
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calculation, in the values given in column 3 
of my Table 3. The values for Aw/Ay in 
columns 1 and 3 can be seen to be essentially 
the same. Accepting the value in column 3 as 
the appropriate one would result in the mea- 
sure of wage flexibility having declined from 
the prewar period by from 38.46 to 61.54 
percent, depending upon which postwar 
measure is used. However, it is difficult to 
justify excluding the observations from the 
Great Depression years from the analysis. 
Schultze’s flexibility coefficients are designed 
to measure movements in nominal wages per 
unit of nominal GNP movement. Hence, it is 
not clear why a particular period ought to be 
excluded because of the severity of the nomi- 
nal GNP movement that occurred during it. 
Moreover, Schultze’s choice of years elim- 
inates from his analysis three of the four 
cyclical contractions during the 1890-1940 
period that were classified by Arthur Burns 
and Wesley Mitchell (1946) as “severe de- 
pressions.” Taking Alvin Hansen’s (1964) 
classifications, Schultze has eliminated four 
of five severe depressions. If, then, we use 
the value for Aw/Ay for the prewar period 
given in column 2 as the appropriate one, the 
responsiveness of nominal wages to move- 
ments in nominal GNP declined by from 
54.29 to 71.43 percent. If Schultze’s flexibil- 
ity coefficient is a meaningful measure of the 
sensitivity of wages to the business cycle, 
then its having more than halved from the 
prewar to the postwar period must surely 
indicate a substantial decline in the cyclical 
sensitivity of wages.17!8 


Their discussion of severe depressions appears on 
pp. 455-64. Their calendar-year reference dates appear 
in Table 16, p. 78. Schultze omits 1892-94, 1920-21, 
and 1929-32; he includes 1907—08. 

16 Hansen (p. 24) counts 1937-38 as a severe depres- 
sion. 

7Schultze calls the decline in ‘his wholesale price 
flexibility coefficient of 71.88 percent (p. 537) “substan- 
tial” (p. 571). 

18 Data problems in two other recent articles on this 
subject might be noted. Robert J. Gordon (1983) leaves 
some doubt as to the U.S. wage series he used, since he 
describes it (pp. 118-19) as having been constructed for 
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In the discussions on the changing cyclical 
sensitivity of wages, not enough attention 
has been paid to the striking rigidity in 
nominal wages paid in manufacturing during 
the period from the cyclical peak of August 
1929 to fall, 1931. There may well be a great 
deal of analytical insight to be gained from 
the study of this episode, occurring as it did 
against a background history of wage flexi- 
bility, and in an environment in which union 
strength and direct government intervention 
in labor markets were both quite limited. 
One difficulty in apprehending the distinc- 
tiveness of this period lies in the lack of 
monthly data for previous periods against 
which it can be compared., . 

It would be particularly useful to examine 
the behavior of wages following the January 
1920 and August 1929 cyclical peaks. The 
comparison between 1920-21 and 1929-30 
is likely to be illuminating because the two 
periods saw declines in economic activity of 
roughly equal magnitude. The decline in real 
GNP from 1920 to 1921 was 8.7 percent; 
from 1929 to 1930 it was 9.9 percent. There 
are available for making this comparison only 
two sets of monthly wage series, neither of 
which is wholly adequate. The average hourly 
earnings series published by the National 
Industrial Conference Board’? only begin in 
June 1920—after the business cycle peak— 
and, somewhat mysteriously, omit the months 
January through June 1922, which include 
the cyclical trough in wages. The other series 
were compiled by Daniel Creamer (1950) 
from data on changes in wage rates con- 
tained in the payroll surveys of the Bureau of 
Labor Statistics. It seems clear that Creamer’s 


the years 1890-1946 by multiplying Series B 70 by 
Series B 69 (in Long-Term Economic Growth). Since 
Series B 69 is a wholesale price index and Series B 70 is 
a consumer price index, this is presumably not what he 
did. Martin Bailey (1983), in his interesting discussion of 
the labor market in the 1930's, uses the manufacturing 
wage series in Rees (1959) rather than the revised series 
in Rees (1960). | 
19See Ada Beney (1937). 
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series understate the actual movements in 
wage rates. In responding to the BLS surveys, 
firms would sometimes not answer the 
question inquiring whether and by how much 
they had changed wage rates during the pre- 
vious month. Creamer, following the BLS, 
interprets a failure by a firm to respond to 
the question as indicating that the firm had 
not made a wage rate change in the previous 
month. However, it is likely that some firms 
that failed to respond would in fact have 
changed wage rates. In addition, although 
the BLS surveys contain sufficient data to 
push series for eight industries back to Oc- 
tober 1916, Creamer does not begin any of 
his series before January 1919. I have, there- 
fore, derived average hourly earnings for 
eight manufacturing industries for the period 
October 1916 to May 1920 by using the BLS 
data to construct wage rate series that could 
be used to interpolate monthly values for 
yearly average hourly earnings data available 
in Paul Douglas (1930). These series were 
then spliced to the corresponding Conference 
Board series, with the January to July 1922 
gaps filled by interpolations using the BLS 
data.” 

Table 4 presents a comparison of move- 
ments in wages and wholesale prices in 


20 The industries used are automobiles, boots and 
shoes, hosiery and underwear, iron and steel, leather, 
paper, silk, and woolens. In 1919, these industries 
accounted for 18 percent of total manufacturing wage 
earners. The BLS survey results are from the Monthly 
Labor Review. I constructed the indexes using the method 
described in Creamer (Appendix A). Both the Douglas 
and Conference Board data appear to overstate the true 
average hourly earnings (see Rees, 1961, p. 37, and U.S. 
Bureau of the Census, 1975, p. 154) with the Douglas 
series being above the Conference Board series. An 
adjustment factor was used to make the Douglas values 
comparable to the Conference Board values. In deriving 
the final series, I used the method of interpolating time 
series by related series given in Milton Friedman (1962) 
and Friedman and Anna Schwartz (1970, pp. 321-28). 
(It should be noted that the series of average hourly 
earnings in the automobile industry appears to be some- 
what dubious since it reaches a, probably spurious, peak 
in November 1918. It was retained in the analysis be- 
cause movements in its values for 1919-20 seem con- 
sistent with wage movements in other industries, and 
because its elimination would have almost no effect on 
the results reported here.) 
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1920-22 and 1929-35. The degree of money 
wage rigidity in 1929-31 appears striking. 
Using the NBER’s cyclical dating, the aver- 
age duration of contractions, measured from 
the cyclical peak to the following cyclical 
trough, during the period from 1890 to 1929 
was 16.5 months. If the contraction begin- 
ning August 1929 had lasted 17 months, it 
would have ended in January 1931 with 
money wages in manufacturing having de- 
clined by only about 2 percent. During the 
same period, the Federal Reserve Board’s 
seasonally adjusted index of total industrial 
production declined by 30.04 percent and 
the Board’s seasonally adjusted index of 
manufacturing production declined by 32.35 
percent.7}-2? 

The comparisons in Table 4 between the 
magnitude of money wage declines in 1920- 
22 and in 1929-31 will be distorted by the 
fact that the 1920 downturn followed a period 


21 Federal Reserve Board (1972). The nonseasonally 


‘adjusteé index of manufacturing production declined by 


35.17 percent during the same 17 months. 

22The availability of monthly data on the operations 
of the U.S. Steel Corporation allow for an assessment of 
wage rigidity at the firm level. U.S. Steel made no 
general changes in wage rates during the Great Depres- 
sion until a 10 percent cut was instituted on October 1, 
1931. Shipments by U.S. Steel of rolled and finished 
steel products reached a peak of 1,702,000 short tons in 
May 1929. By October 1931, shipments had declined by 
70 percent ‘to only 520,000 short tons. Monthly net 
earnings by U.S. Steel also peaked in May 1929 at 
$25,605,000. Net earnings for October 1931 were only 
$1,690,000—a decline of 93 percent. Data on the com- 
mon labor wage rate paid by U.S. Steel in its Pittsburgh 
district appear in U.S. Steel (1940, Vol. II, p. 182). From 
material in the iron and steel industry’s trade journal, 
Tron Age, it is clear that movements in this wage rate 
represent almost exactly general movements in all wage 
rates at U.S. Steel. Which is to say, announcements in 
the Iron Age of wage rate changes at U.S. Steel match in 
magnitude and date changes in the common labor wage 
rate. See, for example, Jron Age, September 24, 1931, 
p. 836. Shipments are from U.S. Department of Com- 
merce, Survey of Current Business, April 1940, p.: 18. 
Net earnings are defined as “earnings after deduction of 
interest on bonds of subsidiary companies, but before 
charges and allowances for depletion, depreciation, 
amortization, and obsolescence” (Survey of Current 
Business, 1936 Supplement, p. 119). The earnings data 
are from 1931 Supplement, p. 81, and 1932 Supplement, 
p. 213. 
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TABLE 4— MOVEMENTS IN AVERAGE HOURLY EARNINGS IN MANUFACTURING AND 


IN WHOLESALE Prices, 1920-22 AND 1929-31 


Wage or Price 6 Months One Year Wage or Price 
Peak After Peak After Peak Trough 
1920-22 
Average Hourly (11/20) (5/21) (11/21) (3/22) 
Earnings 
8 Industries? 613 512 463 436 
Percent Change - — 16.48 — 24.47 — 28.87 
Average Hourly (10/20) (4/21) (10/21) 
Earnings 
25 Industries? 611 545 492 s 
Percent Change - — 10.80 — 19.48 - 
Wholesale (5/20) (11/20) (5/21) (1/22) 
Price Index? 167.2 133.4 96.2 91.4 
Percent Change - ~ 20.22 — 42.46 — 45.33 
Wage or Price One Year January Two Years Wazeor . ` 
1929-31 Peak After Peak 1931 After Peak Price Trough 
Average Hourly (8/29) (8/30) (1/31) (8/31) (3/33) 
Earnings 
8 Industries* 572 568 560 549 423 
Percent Change ~ —0.70 —2.10 —4.02 — 26.05 
25 Industries” 590 591 578 568 459 
Percent Change - +0.17 —2.03 —3.73 — 28.54 
Wholesale (8/29) (8/20) (1/31) (8/31) (2/33) 
Price Index 97.7 84.9 78.2 712.1 59.8 
-1492  —19.96 —26.20 — 38.79 


Percent Change - 


* These are the eight industry series described in the text. They were aggregated using 


census employment weights for 1919. 
>Beney (pp. 44-47). 


°There are gaps in the Conference Board series for the months January to June 1922. 
This period appears to include the cyclical trough in wages. 
4BLS Wholesale Price Index (1926 = 100}. 


of significant price inflation, while the 1929 
downturn followed a period of relative price 
stability. However, a comparison of the. tim- 
ing of wage cuts relative to price cuts need 
not be affected. It seems reasonable to char- 
acterize an increase in the lag of wage cuts 
behind price cuts as an increase in wage 
rigidity. If price reductions reflect firm recog- 
nition of weakness in the product market, 
then a significant increase in the lag of wage 
cuts behind price cuts indicates a change in 
firm attitudes towards the role wage cuts 
should play in meeting a decline in demand. 
For those eight industries for which full wage 
data are available, the mean lag of the peak 
in a 3-month moving average of average 
hourly earnings behind the peak in a 3-month 


moving average of the corresponding in- 
dustry wholesale price index was 2.25 months 
in 1920 and 13.69 months in 1929. This 
difference is statistically significant at :he 
1 percent level (t= 4.74). There are eight 
additional industries for which both Con- 
ference Board monthly wage data and 
monthly wholesale price data are available.” 


23The difficulty in using this latter group of eight 
industries is that, since no observations exist for the 
months January to May 1920, the occurrence of a wage 
peak during these months will not be detected. Hence, 
for these industries the extent of the lag of wage peaks 
behind price peaks in 1920 is likely to be overstated, 
and, therefore, any change in cyclical behavior from 
1920 to 1929 will be understated. 
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Taking all sixteen industries, the mean lag of . 


wage peaks behind price peaks was 3.03 
months in 1920 and 10.84 months in 1929. 
This difference is also significant at the 1 
percent level (z = 4.32). 

My suspicion is that the wage rigidity of 
1929-31 represents a distinct break with pre- 
vious wage response. The relative promptness 
of wage cutting in 1920—but not, it is worth 
repeating, the magnitude of the cuts—is 
likely to have been typical of earlier signifi- 
cant downturns. It has been argued, how- 
ever, that the wage flexibility of 1920-22 was 
atypical and can be explained by its having 
been preceded by a wartime inflation. For 
instance, in Schultze’s view: 4 


The rapid and unusual fall in infla- 
tion in the recessions immediately fol- 
lowing the two [world] wars is, I think, 
instructive. It is...consistent with a ra- 
tional expectations view of the world. © 
Precisely because both were, and more 
importantly, were seen to be, unique 
events, neither the inflation they gener- 
ated nor the monetary policies that 
accompanied them were extrapolated 
into the future. The first sign of major 
weakness in economic activity led to a 
collapse of price expectations.... And 
even though labor markets eased some- 
what when the war ended, they re- 
mained relatively tight into the im- 
mediate postwar boom. But the very 
high inflation rates did not get built 
into the “norm” that underlay implicit 
wage contracts. Sharp reductions in the 
rate of wage increases in the recessions 
of 1920 and 1949 did not violate those 
implicit wage contracts. [1981, p. 563] 


The point is arguable, but is probably not 
capable of being resolved in the absence of 
monthly data for previous periods. However, 
it is worth noting that the circumstances of 
wage cutting in manufacturing in 1920 do 
not quite match the account generally given. 
For the eight industries for which wage series 
have been constructed as recounted above, 
wholesale prices peaked on average in May 


Robert J. Gordon (1983, p. 118) makes a similar 
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1920, and wages peaked in August.” The 
wholesale price index, which then, as now, 
was made available by the BLS on a monthly 
basis, also peaked in May. By August it had 
declined by only 3.47 percent. Hence, wage 
cuts had begun before an accurate gauge of 
the extent of the severity of the contraction 
and of the accompanying deflation was pos- 
sible. The economy had passed through the 
mild recession of late 1918-early 1919 
without serious deflation,” and there is no 
obvious reason why the severe deflation that 
in fact occurred in 1920-22 need have been 
anticipated. 

If, in fact, the decline in the cyclical 
responsiveness of wages began in 1929, then 
this poses an interesting conundrum for mac- 
roeconomic theorists. Those who are con- 
vinced that the large unexploited opportuni- 
ties for gain that seemingly result from wage 
rigidity disappear provided that the opti- 
mizing behavior of firms and workers is 
correctly specified?’ will, I suspect, have 
great difficulty in identifying the changes in 
choice-theoretical fundamentals during the 
1920’s that resulted in the onset of nominal 
wage rigidity. Those who prefer to impose 
their structure well above the choice-theoreti- 
cal bedrock will have a similar difficulty in 
identifying any institutional changes suffi- 
cient to have brought about the rigidity. 


?5By this I mean that the mean lag of peaks in 
3-month moving averages of: wholesale prices for these 
industries behind the cyclical peak of January 1920 was 
3.63 months. As already noted, the mean lag of wage 
peaks behind price peaks was 2.25 months. 

% The eight-industry average hourly earnings series 
declined by 4.93 percent from November 1918 to May 
1919. The WPI declined by 5.60 percent from Septem- 
ber 1918 to February 1919. This decline in wages was 
not previously observable; Rees’ yearly average hourly 
earnings measure increases 14.39 percent from 1918 to 
1919. (Taking monthly averages, my eight-industry mea- 
sure increases by 18.95 percent from 1918 to 1919.) 

277 am thinking here of the implicit contracts lit- 
erature of Costas Azariadis (1975) and others. Since 
the equilibria characterized in these papers are generally 
not Pareto efficient (in the absence of the invoking of 
some form of a nonsubstitution principle; for ex- 
ample, Douglas Gale 1983, ch. 5, and Azariadas, 
pp. 1198-200), it is not quite correct to say that the 


problem of unexploited opportunities for gain is entirely ——__ 


argument. taken care of. 
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The Implications of Spillover for the Design of Monetary Policy: 
An Empirical Analysis of Income and Price Determination 
in Nonclearing Markets 


By J. DAVID FERGUSON AND WILLIAM R. HART* 


Macroeconomics is currently dominated 
by two competing frameworks of analysis 
through which the adherents of each attempt 
to explain the paths of aggregate economic 
variables and address the design of policy. 
One, the market-clearing or equilibrium ap- 
proach to business cycles, is most promi- 
nently associated with the work of Robert 
Lucas (1972), Thomas Sargent (1976), Sar- 
gent and Neil Wallace (1976), and Robert 
Barro (1976). The other employs the non- 
market-clearing framework made fashion- 
able by the work of Stanley Fischer (1977), 
Edmund Phelps and John Taylor (1977), and 
Taylor (1979). 

Despite the apparent theoretical superior- 
ity of the market-clearing approach (i.e., the 
realization of all perceived gains from trade), 
the non-market-clearing approach continues 
to dominate analysis of macroeconomic 
fluctuations. This is explained partly by the 
failure of equilibrium macroeconomic mod- 
els to fare well empirically and partly by the 
successful incorporation of the notion of ra- 
tional expectations into non-market-clearing 
models. 

The current spirit of the non-market-clear- 
ing approach emphasizes forward-looking 
(rational) contractual wage setting in which 
wages are set to clear labor markets. Short- 
run rigidity of the wage contract, however, 
prevents instantaneous clearing of the labor 
market in the face of economic disturbances, 
and as such, becomes a source of short-run 
deviations in aggregate variables from their 
natural rates. 


*Associate Professors, Miami University, Oxford, OH 
45056. We thank James Dunlevy, William Hutchinson, 
and Nicholas Noble for their generous help on this 
paper. And special thanks are due Bill McKinstry for 
his continuous support and encouragement. We alone 
are responsible for any errors. 
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One aspect of the non-market-clearing ap- 
proach. emphasized early in the literature by 
Don Patinkin (1952) is the notion of spill- 
over—a situation in which buyers facing 
markets that clear only gradually are unable 
to purchase all they intend of a good at a 
given price, and therefore, redirect part of 
their unspent income to another market. The 
micro foundations for spillover in a model of 
nonclearing markets were provided in a 
seminal paper by Herschel Grossman (1969) 
in which Patinkin’s concept of spillover was 
synthesized with the Takashi Negishi-Frank 
Hahn (1962) nontatonnement transaction 
process and Robert Clower’s (1965) dual-de- 
cision hypothesis. And yet, despite these con- 
tributions, the concept of spillover has been 
largely ignored in the majority of current 
genre non-market-clearing models. 

In two companion pieces (1980, 1983), we 
formally incorporated Grossman’s (1969, 
1971) work into a generalized macro model 
and used dynamic simulations to derive the 
implications of market spillover for income 
and interest rate determination in a short-run 
environment of gradual adjustment of de- 
mand and expectations and nonclearing 
markets. Our results suggested that spillover 
provides an additional potential explanation 
for short-run quantity adjustments and, as 
such, is important for the short-run design of 
monetary policy. However, two considera- 
tions serve to temper our earlier results: 1) 
the medels employed were fixed price; and 
2) the models were not estimated. Therefore, 
the question still remained whether spillover 
mattered empirically. 

This paper answers this question by speci- 
fying and estimating a generalized macroeco- 
nomic model that not only incorporates the 
concept of spillover into a framework of 
nonclearing financial and real markets, but 
also includes a supply side to allow for flexi- 
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ble, slowly adjusting prices, rational expecta- 
tions, and natural levels of the real variables. 
This model, therefore, allows for the estima- 
tion of both the level and direction of spill- 
over as well as the rates of adjustment of 
demands and markets toward their equi- 
librium values. 

Our results are important for three rea- 
sons. First, the empirical analysis is carried 
out within a theoretical context which builds 
upon current nonclearing rational expecta- 
tions models (and which Grossman, 1983, 
argues is necessary for convincing analysis). 
Second, they represent (to our knowledge) 
the first successful estimation of spillover 
coefficients, and third, they show that spill- 
over from the bond to the commodity market 
is indeed empirically significant, and thus is 
important for the short-run design of macro- 
economic policy. 

The outline of this paper is as follows. In 
Section I, the generalized model is presented 
and discussed. The estimation procedure and 
empirical results are reported in Section II, 
and we finish with a discussion of the signifi- 
cance of our estimates of the dynamic 
parameters and spillover coefficients. 


I. The Model 


The macroeconomic model specified below 
is a continuous dynamic system of equations 
designed for short-run analysis which as- 
sumes three goods: aggregate output, bonds, 
and money. These goods are traded in two 
markets that adjust only gradually to de- 
termine aggregate output, prices, and interest 
rates. 


(1) yt=st yr" + y,Y® + Vine 
(2) ARO eaT 
(3) Dy =1/j(y*- y) 

(4) n=1/k(m*— M) 

(5) DY=1/A{min( 7’, Yy—Y)} 
(6) 7 =1/w(jy)t+ a 


(7) Dr = -1/2(b') 
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(8) b=bt+ay 
(9) y= pt Bb 
(10) nit+b+y=0 


where the parameters of the model are ex- 
pected to take on the follewing signs: 


M,» Vrs Y- <9 
Vy, My, j,k, àw, p> 0 


O<a, B<l 


y* = the desired or ideal private real demand 
for national product, y= actual current 
private real demand for national product, 
m* = the ideal real money balances, n = the 
actual demand for additions to real money 
balances, b= the demand for additions to 
bond holdings, r = the nominal interest rate, 
r° = the expected real rate of interest, Y= 
real national product, Y° = real expected na- 
tional product, Y, = the real level of output 
consistent with the natural rate of unemploy- 
ment, 7 = the rate of change of the absolute 
price level, 7° = the expected rate of change 
of prices, g = government demand for na- 
tional product plus net exports, M = the real 
money supply, B = real flow supply of bonds, 
and D = the time derivative operator. 

The model is specified to allow analysis of 
the processes of adjustment of 1) the dis- 
crepancies between actual and ideal de- 
mands for output and money (equations 
(1)-(4), and 2) prices and quantities in the 
real output and financial markets (equations 
(5)-(7)). It is assumed that the interaction 
of market transactions and the demand 
processes which do not clear instantaneously 
are best described here by the fixed-price 
equilibrium process developed by Grossman 
(1971), in which both effective and realized 
transactions are determined simultaneously 
(equations (8)-(9)). 


1Since this paper is designed to study the processes of 
demand and market adjustment that produce spillover, 
we consider only short-run behavior, even though this 
system of differential equations clearly has- longer-run 
implications. See John Pippenger (1982) for develop- 
ment of the long-run analysis of such a system. i 
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Notional and effective demands for na- 
tional product, bonds, and money balances 
are represented by y, b,n, and y’, b’, n’, re- 
spectively. Notional demands are the quanti- 
ties of goods individuals desire to purchase 
or sell at current price levels. They are de- 
rived by Clower subject to the individual’s 
budget constraint from an implicit utility- 
maximization process. Grossman (1971) de- 
fines effective demands as not equal to no- 
tional demands when markets are out of 
equilibrium, and are slow to clear in re- 
sponse to excess notional demand for a good. 
In the face of nonclearing markets, both 
individuals and firms must adjust their de- 
mands in the light of what can actually be 
transacted, and then decide what portion of 
their excess demand will be redirected into 
other markets. This recursive process will 
simultaneously determine effective demands 
in each market. Therefore, effective demand 
will include notional demand plus any spill- 
over, or excess notional demand for other 
goods which is redirected into the market. 
Excess notional demands for national prod- 
uct (y+g-Y), bonds (b— B), and ad- 
ditions to money balances (Dm— DM) are 


indicated by y, b, and ii, respectively; and ` 


the effective excess demands are designated 
by y’, b’, and n’. Actual realized transac- 
tions in our model of “sticky” prices are 
then, as shown by Grossman (1974), equal to 
the minimum of effective demand and supply. 

The first four equations of the model de- 
cribe a dynamic theory of demand for 
nominal output and additions to money bal- 
ances. Equations (1) and (2) specify how 
individuals and firms select their ideal no- 
tional demands for national product (y*) 
and ideal money balances (m*), given their 
budget constraint (Y°) and real expected 
interest rates (r°), and the expected rate of 
inflation (7°).? In equation (2), m* is as- 
sumed to be a function of the sum of r° and 
"°, the nominal rate of interest.? In equa- 


?The real expected rate of interest was calculated 
from the complete version of the Irving Fisher (1896, 
1930) equation: r=r?+a°+r%-a°, Thus, r°=r— 
ae /1t+ a, 

3In theory, ~ might also be expected to enter the 
m* function ds a separate variable, but empirical tests 
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tions (3) and (4), costs of renegotiating exist- 
ing contracts (j> 0) and obtaining money 
(k > 0) produce only gradual adjustment of 
this instant’s actual notional demands, y and 
n, toward the ideal demands. 

Both private consumption and investment 
demands are included in y, and for simplic- 
ity, federal taxes are subsumed in national 
income and the government budget con- 
straint is not explicitly considered. Equation 
(4) specifies the adjustment of the notional 
flow demand for additions to money bal- 
ances in the face of differences between the 
ideal and actual money stocks.* 

Equations (5), (6), and (7) represent the 
market-clearing process for output, prices, 
and interest rates. It is assumed that actual 
national output adjusts gradually in response 
to the minimum of (a) excess effective de- 
mand, or (b) the excess of the natural level of 
income over actual current output (equation 
(5), with the parameter À indicating the 
speed of adjustment. A specification similar 
to equation (5) is suggested by Barro and 
Grossman (1971) as a way to allow for the 
complication of inventory adjustment. The 
use of Yy in equations (5) and (6) incorpo- 
rates a supply side into the model in order to 
make scarcity explicit. Equation (6) ex- 
presses the gradual adjustment of prices (w 
> 0) in response to excess of effective de- 
mand over the natural level of output plus 
price expectations.® Equation (7) states that 
interest rates change gradually (u > 0) in re- 





showed its contribution to the explanation of m* to be 
insignificant and highly correlated with (r° + 9°). The 
form r° + 7° is used to represent nominal interest rates 
because it properly reflects the impact of the cross 
product (r°: 2°) in the Fisher equation. 

This equation can be thought to combine the rela- 
tionship (a) between the ideal stock and the ideal rate of 
change in the stock of money, and (b) a relationship 
analogous to equation (3), between an actual and ideal 
flow demand. Because y* is dimensioned as a flow, and 
the first of these relationships for national product is 
subsumed in equation (1). 

>Robert Hall (1983) presents an excellent intuitive 
discussion of the natural rate hypothesis. 
®This equation is consistent with the Lucas and 
Leonard Rapping (1970) presentation of the Phillips 
curve, but emphasis is upon the inverse relationship of 
price determination rather than employment or output 
` determination. 
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sponse to disequilibrium in the bond market. 
The excess of flow demand for bonds over 
supply is expected to produce falling market 
interest rates. 

Finally, equations (8) and (9) represent 
simplified versions of the relationship be- 
tween aggregate effective demand and no- 
tional demand as derived from its micro 
foundations by Grossman (1971). The excess 
effective demand for bonds, equation (8), is 
equal to the sum_of the excess notional de- 
mand for bonds b, plus ay, the spillover of 
unfulfilled notional demand from the goods 
market. The parameter a is the spillover 
coefficient. Likewise, equation (9) represents 
the equality between the excess effective de- 
mand for output of goods and the sum of 
excess notional demand jy, plus the spillover 
of unfulfilled excess notional demand for 
bonds, Bb, where B is the coefficient of 
spillover. Both a and £ are assumed con- 
stant, and in the range of 0 (no spillover) 
to 1 (complete spillover of excess notional 
demand)” ` 


II. Empirical Results 


The equations of the model were reduced 
to a form suitable for estimation in which 
only the observable variables Y, M, r, r, Yy, 
g, Y°, r°, w°, and t were present. Since M 
‘and g were assumed exogenous policy vari- 
ables, Y,, r°, and m° exogenous data to the 
model, and Y° was estimated separately from 
the model, the system was reduced through 
substitution to three simultaneous differen- 
tial equations describing the generation of Y, 
Dr, and r. However, the conditional nature 
of equation (5) obviously complicates the 
reduced-form equation describing the gener- 
ation of Y. The choice of the appropriate 
equation depends upon the value of y, a 
nonobservable variable. Thus, to establish 
the appropriate equation at any given time, a 
test was needed that was dependent upon an 
observable variable to determine which form 


7Our earlier articles (1980, 1983) derive the theoreti- 
cal implications of the polar values of these spillover 
coefficients within a generalized model with a fixed price 
level. 
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of the equation was appropriate to represent 
the output market. The relationship between 
a and 7° provides such a test.’ 

When m <~7°, the appropriate form of 
equation (5) is 


(5’) 


If 7> 7°, the appropriate form of equa- 
tion (5) is 


(5”) 


Thus, when 7 < qf, the reduced-form of 
the model is as follows:? 


DY=1/\[(y+g)-Y]. 
DY=1/NYy—Y]. 


(11) Y=a,D?¥+a,DY+a,Dg+a4g 
+a;DM+a.M + a,Dr° + agr® 
t+ 4gDY° + ayo¥* +a Du" + an? + ay, 
or if 7 > 7°, 
1) Y=¥,-ADY. 
(12) Dr=6,D?r+b,D°*M + b,DM 
+b,M+b,DY + bY + b,Dg 
+ bgg + byDr? + bior! + by, DY* 
+ by Y? + bi Dr? + by ya? + dys 
(13) w=c,Dr+c,DY¥+0,¥ + cyDYy 
+ ¢sY¥y + ¢¢D?M + c,DM + ¢,M | 
+ Ca Dg + C198 + Cy Dr? + cy or? 


+ ¢)3DY° + c14Y" + cis DTE + Cen? + C47 


Sif y’ + g< Yy, the change in output is determined 
by the size of excess effective demand (y’), but if 
y’+g>Y,, the change in output is determined by 
Yy — Y. It can be seen from equation (6) that 7 - 7° = 
1/w(y’ + g— Yy). Therefore, if a> °, then y’+ g> 
Yy; and if 7 < n°, then y’ + g< Yy. Thus, the relation- 
ship between 7 and «° provides a test of the ap- 
propriate form of equation (5) based upon observable 
criteria. 

°An appendix is available upon request which pre- 
sents the complicated substitutions necessary for the 
derivation of the reduced form of the model. 
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where 

a=- jA(1-B), ag =—[j+A/0.-B)] 

az= j, a4=1, a5 = jB/k(1—B), ag = B/k(1— B) 
a=- jm,B/k(1—B), ag = y,— Bm, /k(A— B) 
a=- jm,B/k(1—B), a1 = y, ~[Bm,/k(1- B)] 
an=- jm,B/k(1—B), 442 = yy — Bm,/k(1—B) 
a3 =5—Bh/k(1—B) 

by = — j, ba = f/m, b3 =1/p(L— j/k) 
by=—1/pk, bs = j/ps bo=1/p 

b=- j(l-a)/p, bg=—(l-@)/p 

by = jm, /wk, bo = (1/p)[m,/k- y, (1- a)] 

bi = jm, /pk, by = (1/n)[ m,/k ~ y- a)] 
b= jn, /wk, bia = (1/n)[m,/k — ye (1- a)] 
bis = h/pk—(1—a)s/jp 

a=- j, = j/w, 4 =1/w, c=- j/w 

cs =—1/w, ce = JB/w, 7 = (B/w)( j/k +1) 

cg =B/ wk, c= ~ jB(1— B)/wk 

9 = — B(L—B)/wk, o=- jBm,/wk 

C2 =1/»[(1— B) y, — Bm,/k], c3 = — jBm, / wk 
eq = (L/w) y, (1-8) — m,B/k] 

cis = j[1— Bm,/wk] 

eg =1+1/w[ (1-8) y, — Bm,/k] 

7 =1/w[(1-B)s— Bh/k] 


The Statistical Analysis System (SAS) In- 
stitute (1980) SYSNLIN, an iterated three- 
stage least squares program designed for 
‘nonlinear simultaneous systems, was used to 
estimate the parameters of the model. Be- 
cause the model is in continuous form, this 
presented a problem in the use of data re- 
ported in standard form for time aggregates 
since the quantities are measured as average 
values over a finite time period. Therefore, 
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this paper uses a nonrecursive approxima- 
tion of the continuous model as suggested by 
A. R. Bergstrom (1966).!° 

The model was estimated using data for 
the U.S. economy chosen to include the 
period from the first quarter of 1959 through 
the fourth quarter of 1980. The variables of 
the model were defined as follows: r= 
twelve-month U.S. Treasury note rate; Y= 
GNP, 1972 U.S. dollars; g= federal, state 
and local government purchases, 1972 dol- 
lars; Af = currency plus transaction deposits 
(M1), 1972 dollars; Y, = natural GNP, 1972 
dollars; r° = expected real twelve-month 
Treasury bill rate; Y° = permanent income, 
1972 dollars"! and 2° = expected rate of 
price change, CPI. 

Data for r and M were taken from the 
Federal Reserve Bulletin, Y and g from the 


10The continuous form was chosen for this study for 
two basic reasons: it presents a better picture of aggre- 
gate behavior; and the expected advantages of a discrete 
model, when only periodic data are available, are not as 
promising as they would appear at first glance. When 
aggregation is made over many decision units and types 
of goods, a continuous model seems to present a better 
approximation of actual behavior. Both individuals on 
the demand side of the market and suppliers of goods . 
would not be expected to be homogenous in their behav- 
ior. Reaction times would differ, and after the initial 
delayed response until the first individual reacted to the 
market, the overlapping of many individuals and goods 
in the market would obscure the discrete behavior of 
each unit. Thus, a continuous system would seem to give 
an appropriate representation of aggregate response. 
Yair Mundlak (1961) has shown that, unless the average 
inaction period in a discrete model equals the observa- 
tion period of the data, incorrect estimates of the adjust- 
ment coefficients will result. This will happen even if the 
system is truly discrete. Since all data used in this work 
are reported quarterly, and the reaction time is surely | 
much shorter than this, there is no advantage to using a 
discrete model. 

11 Permanent income data was constructed using the 
procedure suggested by Michael Darby (1974) as specifi- 
cally applied by Anthony Santomera and John Seater 
(1981). The following equation was used for this pro- 
cess: ¥’=aY,+(1—a)(1+5)¥,_, where a= 0.026, 
b = 0.0089. John Jackson and James Dunlevy (1982) 
compare Darby’s procedure for defining permanent in- 
come with two alternative methods. Although they found 
that the three methods are empirically interchangeable, 
because it has the advantages of “intuitive economic 
appeal, computational ease, and a major gain in degrees 
of freedom” (p. 466), Jackson and Dunlevy recommend 
Darby’s procedure. 
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TABLE 1— PARAMETER ESTIMATES OF THE GENERALIZED SPILLOVER MODEL 


Process Parameter Estimate 
Static m, —17.55 
m, 0.19 

Ya — 67.21 

dp — 58.08 

Vy 1,33 

Dynamic j 0.58 
k 0.33 

À 2.21 

p 36.11 

w 45.11 

Spillover a 0.34 
8 0.55 

Constants s 418.85 
h 286.37 


Survey of Current Business, and Y, from 
Robert Gordon (1983). The University of 
Michigan Survey Research Center data for 
the expected Consumer Price Index, as re- 
ported by Thomas Juster and Robert Com- 
ment (1980), was used as a measure for 7°. 
This data has a twofold advantage. First, it 
provides a direct measure of inflationary 
expectations and thereby avoids the prob- 
lems raised by Lucas (1976) associated with 
indirect measures; namely, the presumption 
that the policy regime has been stable over 
the sample period. Second, Nicholas Noble 
and Windsor Fields (1982) have demon- 
strated that the Michigan survey data is ra- 
tional. 

The parameter estimates, their standard 
errors, 7-statistics, and the resultant level of 
confidence of each parameter classified as 
either Static (for the demand equations), Dy- 
namic (for the rates of adjustment of de- 
mands and markets), and Spillover (degree 
of excess bond and commodity notional de- 
mand) are reported in Table 1. 

The results reported in Table 1 are con- 
sistent with the expected signs for all of the 
parameters estimated. In addition, all of the 
Static parameters were estimated with a level 
of confidence of 99 percent except for y,, 
which was ‘estimated with greater than 90 
percent confidence. Estimates for the Static 
parameters were also consistent with values 
previously reported by Donald Tucker (1966) 
and Edgar Feige (1967), who used models 


Standard 
Error T-Value Probabiliiy > |T| 
5.72 —3.07 0.0029 
0.06 2.98 0.0038 
25.34 —2.65 0.0096 
34.53 —1.68 0.0966 
0.27 4.93 0.0001 
0.17 3.47 0.0009 
0.36 0.91 0.3651 
0.98 2.25 0.0275 
26.74 1.35 0.1806 
19.02 2.37 0.0201 
0.55 0.62 0.5358 
0.23 2.35 0.0215 
474.60 0.88 0.3801 
117.55 2.44 0.0171 


which specified gradual adjustment of de- 
mand and expectations, but used only partial 
analysis. ?? 


12 Tucker converted parameter estimates of Ronald 
Teigen (1964) and John Kareken and Robert Solow 
(1963) to a form consistent with his dynamic model. 
Kareken and Solow used current income and interest 
rates (4-6 mo. commercial paper) as independent vari- 
ables in their estimates. Tucker’s parameters for his 
desired demand functions are compared with ours below 
(cur estimates are noted in parentheses following his): 


g(m,) = —3.39 (—17.55 S. E. 5.7); 
f(m,) = 0.178 (0.19 S. E. 0.06); 
d(y,) = — 10.1 (— 58.08 S. E. 34.5). 


Feige specified the desired demand for money to be a 
function of expected income and interest rates and 
presented the parameters of the long-run demand equa- 
tion he estimated in the form of elasticities. For com- 
périson our estimates have been converted to elasticities. 
Feige’s estimates were made with two measures of the 
money supply, M, and M,: 


M, —By(m,) = — 0.19 (0.044) 
B,(m,) =1.28 (0.933) 

Ma b = -0.13 S. E. 0.034 

B, =1.07 S.E. 0.084 


Feige obviously used the old M, data series for this 
work. When he estimated the equation with the more 
inclusive M,, his estimates were lower. This may explain 
some of the difference in our estimates. Tucker specified 
a separate aggregate demand function for desired con- 
sumption and investment, but only investment was as- 
sumed to be a function of interest rates. Thus, his 


S. E. 0.036 (0.014) 
S. E. 0.081 (0.061) 
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As for the Dynamic parameters, the de- 
mand for output (/), output market (A), and 
price adjustment (w) parameters were esti- 
mated with greater than 95 percent con- 
fidence, but the money demand adjustment 
parameter (k) and the lag in the adjustment 
of interest rates (u) were not estimated with 
confidence. However, the estimate for k was 
consistent with the range of values reported 
by Tucker and Feige. 

Most importantly, the results confirmed 
with 98 percent confidence that spillover of 
excess bond demand into the commodity 
market, which then influences prices and 
output, is indeed significantly greater than 
zero. The hypothesis that commodity market 
spillover into the bond market was positive 
could not be confirmed with confidence. 

Finally, the mean squared errors (MSE) 
calculated separately for the individual re- 
duced-form equations describing Y, 7, and 
Dr were 1330.2, 143.7, and 4.15, respectively. 
Although it is not clear what R? values 
mean in the context of nonlinear regressions, 
a 0.98 value was calculated for the Y equa- 
tion, but no reasonable values for the v or 
Dr equations were calculated. 


III. Discussion of Results 
A. The Dynamic Adjustment Parameters 


The dynamic parameters j, k, and A are 
measured in units of time (in quarters), and 


parameter d is not equivalent to our Y,, which includes 
any interest rate impact upon consumption. Tucker’s 
bı + b, represent the impact of income, our y,. How- 
ever, the values for b, + b, reported by Tucker repre- 
sented only his view of what should reasonably be 
expected. 


b, + by (yy) = 0.89-1.05 (1.33 (S. E. 0.27) 


13 Tucker's dynamic parameters expressing gradual 
adjustment of the demand for money and goods are as 
follows (with our estimates in parentheses): 


i(j) = 0.55 (0.58) S.E. (0.17) 
m(k) = 0.68 (0.33) S.E. (0.36) 
Feige’s estimates: 
M, y(k)=1.22, 
M, y(k)=1.09, 


S.E. 0.375; 
S. E. 0.399. 
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TABLE 2— DYNAMIC ADJUSTMENT PARAMETERS 
EXPRESSED AS HALF-LIVES 


Estimate Half-Life* 95 Percent Adjustment? 
j 0.58 0.40 1.73 
k 0.33 0.23 0.99 
A 2.21 1.53 6.62 
3 Quarters. 


therefore, higher (lower) values of these 
parameters represent slower (faster) adjust- 
ment of demand and markets. This is be- 
cause the reciprocals of these parameters 
represent the rates at which the existing gaps 
between desited and actual demand and de- 
mand and supply are closed. Although these 
gaps would be expected to widen and narrow 
over time as the state of the economy changes, 
a “half-life” can be calculated which repre- 
sents the time required for one-half of any 
gap to be closed by the adjustment process. 
The half-lives, in quarters, as well as the time 
for 95 percent of the gaps to be closed are 
reported in Table 2. . 

As the results in Table 2 show, money 
demand adjusts more rapidly than commod- 
ity demand. One-half of the adjustment of 
actual demand for real money balances to- 
wards the desired demand is completed in 
about three weeks, and 95 percent in three 
months. On the other hand, commodity de- 
mand adjusts toward its desired levels at a 
rate almost 75 percent slower than money 
demand. The commodity market generates 
output changes which remove one-half of the 
excess aggregate demand in about eighteen 
weeks, but requires over twenty months to 
complete 95 percent of the adjustment. This 
relatively rapid adjustment is probably due 
in large part to the significant role played by 
inventories in the economy. 

The parameters w and yp that represent the 
rates at which the price level and interest rate 
adjust are not so easily interpreted. Because 
they represent the adjustment of excess de- 
mands measured in billions of dollars which, 
in turn, lead to changes in percentages (infla- 
tion and interest rate), their units are mea- 
sured in percent/$ billion x time. While it 
is clear that a larger (smaller) value implies 
slower (faster) adjustment, these parameter 


1140 


values cannot be expressed simply in units of 
time as can j, k, and À. 


B. The Spillover Coefficients 


More central to the objectives of this paper 
is the fact that the size of the values of the 
spillover coefficients that we estimated imply 
a strong impact for monetary policy and a 
' more complex timing relationship between 
the money stock and national product than 
is suggested by the currently popular non- 
market-clearing models which emphasize 
contract rigidity. 

These results are also consistent with our 
earlier work. In our 1980 and 1983 papers, 
we investigated the implications of market 
spillover for the impact and timing of mone- 
tary policy using time series simulation. Our 
results indicated that while spillover from the 
commodity to bond market was not quanti- 
tatively significant, spillover from the bond 
market implied a strong impact on the level 
of economie activity. More specifically, we 
found (1983) that as spillover from the bond 
to commodity market, 8, was allowed to 
increase from 0.0 to 0.99 monetary policy 
became progressively more powerful. In an 
experiment using numerical analysis in which 
a= £8 = 0.0, and M was increased from $157 
billion to $170 billion between the sixth and 
seventh quarter of the simulation experi- 
ment, Y increased from about $550 billion to 
$601 billion after nine more quarters, a 9 
percent increase. When 6=0.6, the same 
experiment produced a 12 percent increase 
in Y ($563 to 631 billion). Thus Y was $30 
billion and 5 percent higher when 8 was 
increased from 0.0 to 0.6. The peak rate of 
growth of Y was reached in the sixth quarter 
after the policy change. When 8 was in- 
creased from 0.0 to 0.6, the annual rate of 
growth of output at its peak increased from 
5.2 percent to 6.2 percent. 

The empirical significance of bond to com- 
modity market spillover established here 
reinforces our earlier conclusions that spill- 
over is an important element in the transmis- 
sion of monetary policy and, as such, repre- 
sents an additional explanation for short-run 
quantity adjustments. 
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Finally, the notion of spillover obviously 
suggests a more complicated linkage between 
the money stock and economic activity. That, 
ceteris paribus, changes in the money supply 
tend to produce significant short-run changes 
in Y in the presence of gradual adjustment 
of expectations at one level and gradual ad- 
justment of output and money demand at 
a second level is well known as the Tucker- 
Laidler effect (see Donald Tucker, 1966, and 
David Laidler, 1968; 1982, pp. 48-57). This 
effect occurs because slow clearing in the 
money market produces ‘exaggerated move- 
ments in interest rates, and hence, invest- 
ment. When a third level of adjustment 
(gradual market clearing) is added, and the 
assumption of continually market-clearing 
interest rates and output is relaxed, this serves 
to provide the system with additional built-in 
stability and reduce the short-run potency of 
monetary policy. Interest rates need not 
overreact, and thus, investment expansion 
will not be as immediate or large. 

When spillover is explicitly considered, the 
results above suggest that the potential for 
significant short-run effects upon income 
through monetary policy are restored. Fur- 
thermore, the source of this renewed potency 
is not through the money stock-interest rate 
channel of the Tucker-Laidler effect, but 
rather it is caused by the direct impact of 
income upon consumption and investment. 
The spillover of excess bond demand by- 
passes the interest rate mechanism and in- 
creases output directly through a quantity 
theory mechanism. 


IV. Conclusions 


In this paper we have presented reliable 
estimates of the parameters of a generalized 
disequilibrium model that expresses the 
short-run behavior of the U.S. economy in 
the face of spillover of excess demand gener- 
ated’ by nonclearing markets. The speeds of 
adjustments of the financial and product 
markets were estimated as well as the lags in 
the adjustment of money and output demand 
toward their desired levels. The desired de- 
mand for real money balances and aggregate 
output were also estimated with confidence. 
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This work has shown that spillover must 
be an important consideration in the design 
of monetary policy. The spillover coefficient 
representing the size of spillover of excess 
bond demand into the product market was 
found to be large enough to significantly 
increase the impact of monetary policy over 
what might be expected in an economy 
without spillover. 

The coefficient representing potential spill- 
ovér of excess aggregate demand for com- 
modities into the bond market could not be 
estimated with confidence, and therefore, the 
hypothesis that this type of spillover has 
impact upon the economy, and thus should 
be a factor in the design of policy, must be 
rejected. However, further work would seem 
to be indicated. If specification of the model 
were to allow for disaggregation of product 
demand into consumption and investment 
components, it would be possible to examine 
the impact of spillover in the product market 
more completely. This would perhaps add to 
our understanding of the role of inventory 
adjustment in timing of the business cycle 
and may provide a more confident and com- 
plete framework within which to prescribe 
monetary policy. 
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The Effect of Increased Longevity on Capital Accumulation 


By JONATHAN SKINNER* 


One of the more startling demographic 
trends of the 1970’s has been the sharp rise 
in lifespan in the United States. Between 
1970 and 1980, the life expectancy of 25- 
year-old men and women increased by at 
least two years. While longevity has been 
steadily rising for many decades, the recent 
spurt has hastened the trend; the increase for 
both men and women in the 1970’s more 
than doubled the improvement of the 1960’s.1 
The 1970’s were also characterized by a de- 
cline in labor force participation of older 
workers. Although rising income and in- 
creased disability payments may have ex- 
plained some of the decline (Donald Par- 
sons, 1980), it seems clear that expanding 
longevity has not been strongly associated 
with deferred retirement (Daniel Hamer- 
mesh, 1984).? Thus the retirement years have 
assumed greater importance in financial 
planning for the consumer as he or she re- 
tires earlier and lives longer. 

The traditional life cycle model would pre- 
dict greater savings rates as consumers in- 
crease accumulation of assets for their retire- 
ment. Consumption while young would drop, 
and there might be an increase in labor 
supply as individuals substitute leisure while 
young for greater levels. of life cycle con- 
sumption. Even under a Social Security sys- 
tem, as long as the current generation’s tax 


*Department of Economics, University of Virginia, 
Charlottesville, VA 22901. I am. grateful to Maxim 
Engers, Daniel Hamermesh, William R. Johnson, Lau- 
rence J. Kotlikoff, John Strauss, and especially James 
Davies and John R. Wolfe for helpful suggestions and 
comments. 

lLife table data can be found in Daniel Hamermesh 
(1985), the Life Insurance Fact Book (various years), or 
in unpublished form from the National Center for Health 
Statistics. 

2John Wolfe (1983) provides an ingenious argument 
for why the Social Security benefit schedule has induced 
those with shorter life expectancies to retire eafly. We 
might therefore expect some rise in the average retire- 
ment age as those expecting to live longer defer retire- 
ment until age 65. 
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liabilities reflect their longer lifespan, total 
savings (private plus public) should also rise. 

The predicted increase in savings is sub- 
stantial. A simple example using the Modig- 
liani-Ando-Brumberg life cycle model can 
illustrate the extent of the savings shift. As- 
sume that earnings and consumption are 
constant over working years and lifespan, 
respectively, and that the interest rate is zero. 
Consumption is then a constant proportion 
k of earnings, where k is the ratio of work- 
ing years to one’s lifespan. If consumers made 
plans based on average lifespan, the repre- 
sentative 25-year-old would have saved 18 
percent of earnings in 1970 (1-40/49 when 
he plans to retire at age 65 and expects to 
live until age 74). In 1980, after a rise in life 
expectancy of two years, the representative 
25-year-old would have increased savings to 
21 percent of earnings, or a net rise in the 
savings rate (per worker) of 17 percent. That 
is, this simple life cycle model implies that 
savings in the last decade should have risen 
(other things held constant) by approxi- 
mately 17 percent, or about 80 billion dollars 
per year.* 

The evidence from aggregate time-series 
data appears to contradict the life cycle 
model’s prediction of rising savings rates. 
The net private savings rate in the United 
States declined from 7.8 percent of NNP in 
1970 to 6.2 percent in 1980. While Alan 
Auerbach (1982) has suggested that some of 
the reported decline in savings may be caused 
by mismeasurement, it seems clear that there 
has been no substantial rise in the savings 
rate. There are numerous explanations for 


31f the Social Security taxes do not rise as expected 
lifespan increases (perhaps because current tax proceeds 
are paid out as current benefits, rather than retained in a 
trust fund), young workers will save more to offset the 
lower expected benefits in the future. 

4In a two-period model, the percentage change in 
savings by the young is equal to the percentage change 
in aggregate savings. 
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the decline in savings, including a productiv- 
ity slowdown and increasing tax burdens on 
capital income. The implication of this sim- 
ple life cycle model is that the factors which 
discourage savings are substantial enough to 
have both reduced the savings rate and com- 
pletely offset the savings stimulus provided 
by increased longevity in the 1970's. 

This paper offers an explanation for why 
increased longevity might actually have led 
to a decline in the savings rate. The result 
hinges on a more realistic specification of 
consumption, bequests, and life insurance. 
Typically, life cycle models have included 
bequests motives by tacking them on to the 
end of the consumption function; consumers 
know how long they will live, to time T, and 
at time T +1, they pass along their bequests. 
However, there is no convincing age at which 
to fix time 7; bequests are contingent on 
when the individual dies. Thus consumers 
have incentives to smooth contingent be- 
quests over the life cycle, either by adjusting 
their consumption plans, or by buying life 
insurance, to insure that no matter how long 
(or short) they live, their descendants are 
provided with financial security (Christopher 
Pissarides, 1980). It turns out that recog- 
nizing the importance of bequests and in- 
surance in lifetime financial plans can negate, 
and even reverse, the result that an increase 
in life expectancy increases savings. That is, 
the increasing longevity of the 1970’s could 
have contributed, though marginally, to the 
savings slowdown of the late 1970's. 

The effect of demographic changes on ag- 
gregate savings has received little attention. 
Dale Heien (1972) found that consumption 
was moderately responsive to the median age 
of the population, but he did not calculate 
the implied shift in life cycle savings. 
Laurence Kotlikoff (1979) suggested that in- 
creasing longevity would increase capital ac- 
cumulation if workers deferred their retire- 
ment to later years. Both W. B. Arthur (1981) 
and Hamermesh (1985) focused on welfare 
implications of how increased longevity 
affects planned consumption, rather than on 
issues of capital accumulation. In addition, 
Hamermesh presented evidence from his 
survey suggesting that consumers are not 
only aware of current advances in life ex- 
pectancies, but, to a limited extent, also pro- 
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ject the trend forward. One reason for the 
paucity of research on demographic trends 
and savings rates may be the perception that 
the trends are gradual enough to exert only 
a negligible influence on economic vari- 
ables. The recent evidence, however, suggests 
otherwise. 

A simple model of consumption and con- 
tingent ‘bequests is developed in the next 
section, and some illustrative parameters are 
provided to measure the effect of lifespan 
changes on national savings. Section II ex- 
amines the role of actuarially fair life in- 
surance policies in national savings while the 
conclusion is presented in Section HI. 


I. A Model of Contingent Bequests 


This section uses a twc-period model to 
illustrate the role of bequests in national 
savings. To keep the analysis simple, I as- 
sume constant earnings, interest rates, and 
inheritances. Furthermore, consumers are 
unable to purchase life insurance, although 
this constraint will be relaxed in the next 
section. The general form of the utility func- 
tion maximizes utility over the two possible 
states; surviving to the second period, or not 
surviving. Expected utility takes the form 


EU= mU(C,, C3, B,)+(1- a)V(C,, B,) 


where U and V are utility functions, C; is 
consumption at age i, m the probability of 
surviving to period 2, and B, bequests at the 
end of age i. Specifying a utility function 
with separable arguments and constant elas- 
ticity of substitution among consumption and 
bequests, we have 


(1) EU=(1-1/0)'[c}-”" 
+ e +e(l-— r) Bi 

+ aô7B1-1/°] i 

nC, + ôr lnC, +a(1-— r)lin B, 

+ aéa ln B, 


o#] 


o=1 


5See Pissarides for a general formulation of the con- 
sumption-bequest utility maximization problem. Note 
that when inheritances are not fixed, there will be gen- 
eral equilibrium effects of changes in bequests on the 
inheritances received by the next generation, 
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where o is the intertemporal elasticity of 
substitution for both consumption and be- 
quests (assumed constant), and a and 6 are 
the bequest and time preference parameters, 
respectively.® 

An alternative approach to modeling an 
increase in longevity would have been to add 
a third period, rather than to increase the 
probability of reaching the second. However, 
the observed increases in longevity are not 
caused by expanding frontiers of human 
lifespans, but by greater proportions of indi- 
viduals surviving to ages 65 or 75 (James 
Fries, 1980). For this reason, I will adapt the 
two-period model in which period 1 corre- 
sponds, say, to ages 20-54, while period 2 
includes ages 55-90.” 

The Lagrangian is written 


(2) L=EU+ A (Y -C - B,) 
+,((%-C,)(1+r)+¥%,-G- B,), 


where r is the interest rate and Y, combines 
earnings and accumulated inheritances re- 
ceived during age i. The timing of this model 
works as follows. First, inheritances, along 
with any assets from the previous period, are 
received at the outset of the current period. 
These accumulate at a rate r and, towards 


An alternative to specifying bequests as the choice 
variable is to enter the beneficiary’s utility function 
directly into the current utility function, or 


EU = 2, (Cy, Ca, AU*( ¥* + B,)) 
+(1—a)U,(C,,AU*(¥* + B,)) 


where U* is the indirect utility function for the next 
generation, Y* is the descendant’s income and A is a 
taste parameter. Writing the descendant’s indirect utility 
function in the same isoelastic form as equation (1) 
would be equivalent to defining “bequests” as B, + Y*, 
i=1,2. 

TIt turns out that adopting this 2-period model is not 
a neutral choice. When one adds a third period, the 
implication is that consumers had previously never ex- 
pected to live to the third period, thus they will always 
reduce consumption in the first two periods to accom- 
modate the third period. The 2-period model is differ- 
ent; the idea is that the probability of living to the 
second period rises. When consumers have very little 
substitutability between consumption in different years 
(i.e., o = 0), consumption in either period will not change 
at all. 
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the end of the period are distributed along 
with current earnings to the recipients. Con- 
sumption is then chosen, and the remainder 
is passed along, either to the next period or 
to the next (or current) generation. 

Solving for the first-order conditions, we 
can see immediately that C, = a’B,, where 
a’=a~°, Using the budget constraint in the 
second period, we can further describe sec- 
ond-period bequests: 


(3) B=((%-G)A+r)+¥%)/O+e’). 


Noting also that B,=Y,—C,, the first- 
order condition 0£/dC, = 0 is rewritten as 
a function of r and C), 


(4) C- a(l- a)(¥,- Ce -= 


(¥,-C,)Q+r)+¥, |7. j 


adr(1t+r) ra 

I will use (4) to examine how a change in 
mortality probabilities affects first-period 
consumption. It is then shown that, for rea- 
sonable parameters, if C, rises in response to 
longer lifespans, the aggregate capital stock 
will decline, and conversely. 

Taking the derivative of (4) with respect to 
C, and v yields, after some substitution, 


(5) dC,/dr = 


ao( Bi" — 8(1+r) By") 
CP+(1—7)aBe+6a(1+r)’(1+a’) BS 


and p= —1/o —1. Note that the denomina- 
tor is positive. The numerator, however, can 
be either positive or negative, depending on 
the values of B, and B,. The intuition why 
C, might actually rise in response to an 
increase in longevity (thereby reducing sav- 
ings while young) is to recognize that savings 
by the young serves a dual purpose. One is to 
save for retirement consumption, or the life 
cycle savings motive. The second is to pro- 
vide bequests, either for the current or the 
next generation. When expected lifespan in- 
creases, the probability of leaving bequests at 
an early age declines, which in turn reduces 
the demand for contingent bequests at that 
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age. That is, because the probability of hand- 
ing over accumulated assets to one’s benefi- 
ciaries has declined, there is less incentive to 
build up assets while young. The life cycle 
motive, on the other hand, works in the 
opposite direction; as individuals expect to 
live longer, they have a greater incentive to 
build up assets for future consumption. 
Which effect dominates is an empirical ques- 
tion, and depends on the relative bequest size 
‘of young and old individuals. If the interest 
rate is at least equal to the time preference 
rate, B, > B, implies that dC, /da > 0. That 
C, may rise in response to increased longev- 
ity therefore seems plausible, since assets of 
the elderly often exceed contingent bequests 
of the young. 

I have shown that C, may either rise or 
fall as life expectancy increases. How will the 
change in C, affect aggregate capital accu- 
mulation? Let A be the steady-state ratio 
of capital to labor earnings (or equivalent- 
ly, when earnings measure “effective labor 
units,” the capital-labor ratio), measured at 
the end of the period. Then 


abt a(1tn) `B, 
E +7(1+n)'E, 


(6) 
where n is the rate of population growth, 
and E, earnings in period i. Expressing B, 
as (Yı — Cil + r)+ Y, — C, and noting that 
from the budget constraint, dC,=—[1+ 
r)/(1+1/a)] dC, the total change in A can 
be expressed as 


(7) dA/dr=1/(l1+n)E 


eS 


1+ 
B,+C, | da 


x |2- AE, — 





and E denotes aggregate earnings. The first 
two terms on the right-hand side are the 
partial effects on A of the change in the age 
distribution of workers, while the third term 
represents the change in A caused by a rise 
in C,. The next task is to gather evidence 
about the value of assets and bequests for 
the young and for the elderly so that d4 /dr 
may be evaluated. : 
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The numerical calculations will be made at 
an individual level so that we may use evi- 
dence from consumer surveys to construct 
the variables. Because each “period” corre- 
sponds to about 35 years of actual life, I will 
use average values for the first 35 years (ages 
20-54) and the second 35 years (55—90). A 
further adjustment that must be made is to 
convert data drawn from yearly surveys of 
consumption and earnings to representative 
two-period values. Just as yearly consump- 
tion is the sum of daily consumption over 
365 days, so also is C, the cumulative con- 
sumption over 35 years. I similarly define 
bequests in my two-period model as the stock 
of assets held at the end of the period. While 
average yearly consumption and earnings will 
be measured from the empirical survey, they 
will be adjusted appropriately in all calcula- 
tions that follow. 

The parameter values are presented in Ta- 
ble 1. Estimates of earnings, income, assets, 
and consumption are calculated from a sam- 
ple of 16,402 families in the Consumer Ex- 
penditure Survey of 1972-73.3 Two short- 
comings of the asset estimates calculated 
from the Survey is that they are likely to be 
biased downward, and are furthermore in- 
consistent with the lifetime budget con- 
straint. I therefore adjust these bequest 
estimates by calculating B} as E —C,, accu- 
mulated over the 35-year first period. At the 
end of the first period, assets are estimated to 
be $38,255 or, if asset accumulation is linear, 
$19,128 on average, somewhat higher than 
the survey estimate of $10,117. Similarly, the 
adjusted average bequest in the second period 
is found to be $56,041, higher than the 
$23,783 reported in the Survey. These ad- 
justed values indicate, using equation (6), a 
capital-earnings ratio of 4.2, almost identical 
to the aggregate 1974 value of 4.1 (Kotlikoff 


8Approximately 3000 families were discarded from 
the original sample because either they had income in 
excess of $35,000 or less than $2,000, or they failed to 
report earnings, income, or house values. Assets were 
calculated as financial wealth plus one-half the market 
value of the house for those under 55, and financial 
wealth plus the market value of the house for those over 
55. Averages were weighted by the population weights 
provided in the Survey. 
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TABLE 1— REPRESENTATIVE LIFE CYCLE VARIABLES 


Variable Description Value 
G Consumption by young $ 8958 
E, After-tax earnings of young $10051 
B, Bequests (assets) of young: $10117 
from survey adjusted $19128 
Cc, Consumption by elderly $ 6127 
E, After-tax earnings of elderly $ 5012 
B, Bequests (assets) of old: $23783 
from survey adjusted $56041 
ô Time preference rate 
(4) (0.00) 735) 1.000 
(ii) (1.03) 735) 355 
1+r Interest rate ((1.04)*>) 3.95 
n Probability of surviving past age 54 .893 
1+n Population growth rate ((1.01)*°) 1.417 
c Intertemporal elasticity of substitution 0.35 


and Lawrence Summers, 1981; Economic Re- 
port of the President, 1982). There is little 
evidence on the value of 8, so I specify two 
different values, 1.0 and 0.355, correspond- 
ing to time preference rates of 0.0 and 0.03 
accumulated over 35 years. A real after-tax 
interest rate of 0.04 seems consistent with 
postwar interest rate series (for example, 
Michael Boskin, 1978), while population 
growth was specified to be 1 percent this 
year. The variable m was estimated from 
1975 life tables of the Vital Statistics of the 
United States (Table 5.7) by calculating the 
probability of living to age 54, conditional 
on reaching age 20. 

There is increasing evidence that the in- 
tertemporal elasticity of substitution in 
consumption is considerably less than 0.5 
(Robert Hall, 1981; Gilbert Ghez and Gary 
Becker, 1975; my dissertation, 1983; for 
higher estimates, see also Warren Weber, 
1970, 1975); I have therefore chosen a value 
for o of 0.35. Because the elasticity of sub- 
stitution in bequests is unknown, I set it 
equal, by default, to the consumption elastic- 
ity parameter. Finally, a was calculated by 
evaluating (B,/C,)°, or 0.153. 

I first consider as a benchmark case the 
effect of rising longevity on consumption in 
the pure life cycle model with no bequest 
motive. Setting a= 0 and solving, I find that 
dC,/dm, or the change in average yearly 
consumption, is — $999.7 for a time prefer- 
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ence rate equal to 0 (6 =1) and — $754.7 for 
a time preference rate equal to .03 (6 =.355).” 
Substituting into equation (9), indicates that, 
for the time preference rate of .03 (which will 
be used in most calculations), dA /da = 0.09. 
That is, the capital-labor ratio responds only 
minimally to changes in lifespan. 

How might these values for d4/dr be 
interpreted in light of the increases in life 
expectancy during the 1970’s? The prob- 
ability of surviving to age 55 conditional on 
reaching 20 rose by 2.3 percentage points 
between 1970 and 1980; thus I adopt Ar = 
.023.!° Even accepting the pure life cycle 
model indicates a net change in the capital 
labor ratio of only 0.2 percent, or holding 
earnings constant, a rise of about $2 billion 
in the capital stock. 

J next turn to calculating the change in A 
using the full model of consumption and 
bequests. Substituting from Table 1 into 
equation (5) indicates that, for § =.355, 
dC, /dr (once again, the change in average 
yearly consumption) is $2634, while for ô =1, 
dC, /dz is $1693. Using the lower value of 6 
indicates that dd /da = —0.20, or that the 
increased longevity of the 1970’s led to a 0.5 
percent decline in the capital stock, equal to 
about $19 billion in 1974. The results are not 
particularly sensitive to changes in the 
parameter values (except, as noted above, for 
B, and B,); dA/da is —0.09 for 6=1, 
— 0.08 for o = 0.6, and —0.11 for a value of 
B,, 50 percent above its original value. 

Life insurance benefits comprise a sub- 
stantial portion of bequests for the majority 
of Americans. For this reason, I now turn to 
a more complete model of consumption and 
bequests with an endogenously determined 
choice of actuarially fair insurance policies. 


When a= 0, we can write 


C=(%4+% +r) )/(14 (84r) 7) tr) `’) 


10The data is from the 1970 Vital Statistics and 
unpublished figures from the National Center for Health 
Statistics. The change in the probability of surviving 
from the midpoint of period 1 (37 years) to the midpoint 
of period 2 (72 years) was 6.0 percentage points; if one 
accepted -his larger figure all estimates of capital stock 
change should be revised upward by 6.0/2.3. 


1148 


II. Life Insurance and Bequests 


This section introduces life insurance as an 
additional method of providing for bequests. 
As Pissarides has shown, the presence of 
actuarially fair insurance policies allows the 
consumer to smooth contingent bequests over 
the life cycle. Given the availability of these 
fair insurance policies, the model indicates 
that consumption as well as assets will rise 
by a trivial amount in response to an in- 
crease in longevity. 

Actuarially fair insurance policies may be 
introduced to the model as follows. When 
insurance is available, 


(8) B,=Y,-C,+aL 


where L is the face value of the term life 
insurance policy and aL is the excess of the 
policy value over the premium paid. The 
first-order conditions of the new Lagrangian 
(see the Appendix) now include the follow- 
ing constraint: 


mA, —(1—m)(1+r)A,=0. 


The consumer must choose L, C, and C» 
(and implicitly, B, and B,), to maximize 
expected utility. It is shown in the Appendix 
that 


(9a) dC,/dt=A,A,L/D 





dc l+r dL dc. 
9%) 2. See ae 
re) da 1+ [x ae Sar =| 
where A,=CP+aBp A,=A,- 


A,=CP+a(1+r)'5B8/(1+ 0’) 


This effect on C, should not be confused with 
Pissarides’ finding that introducing fair insurance mar- 
kets will increase consumption while young. In the case 
considered here, insurance markets are already in ex- 
istence. 
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Because A, > 0,i=1,...,4,dC,/da > 0, 
although dL./da may be either positive or 
negative. The intuition is that an increase in 
q provides a positive income effect, since the 
consumer can purchase the same L for less, 
holding C, and C, constant. The substitution 
effect, that the expected value of B, falls as 
m rises, is offset by the drop in the premium 
price. 

To determine the magnitude of these 
effects, additional information from the Life 
Insurance Fact Book (1981) is used. Multi- 
plying the average 1972 policy value of 
$26,900 by the proportion of families above 
and below age 55, who own an insurance 
policy, provides estimates for insurance cov- 
erage of $21,197 and $18,696 for the young 
and old, respectively. Substituting these 
estimates into equations (9a)--(9c), and add- 
ing the value of the insurance policy to the 
assets of those over 55, the revised estimate 
of dC, /dz is a minimal $62. The shift in the 
policy value, dL/dz, is an equally small 
— $92. The change in the capital-labor ratio 
is written 


ig dA ðA eee. 0A dC, 
(10) drn aa ac, da 
ðA dC, ôA dL 
$$ — 
OC, dx ƏL da’ 


Substituting parameter values again into 
equation (10) we have that d4/da = 0.12. 
The primary reason for the positive response 
of assets to v is that 0A/da> 0; the com- 
positional difference in the relative number 
of older people who own more assets but 
work less tends to increase the capital stock. 
Furthermore, the results are quite insensitive 
to what parameter values are assumed. In 
summary, including a realistically specified 
bequest motive in a life cycle model of con- 
sumption and savings indicates that, wheth- 
er insurance is available or not, increasing 
longevity will have little or no effect on the 
aggregate capital stock. 


Ii. Conclusion 
Rising longevity has important implica- 


tions for savings and capital accumulation. 
In particular, the traditional life cycle model 


VOL. 75 NO. 5 


predicts an increase in savings rates as indi- 
viduals accumulate more for retirement. In 
light of the accelerating trend of life ex- 
pectancy, the recent decline of the savings 
rate appears more serious than a mere tem- 
porary stagnation. This paper has presented 
a more general model of consumption and 
bequests, and has shown that the bequest 
motive may negate and even reverse the posi- 
tive correlation between longevity and sav- 
ings implied by the pure life cycle model. 

There are additional demographic factors 
that affect savings by influencing the demand 
for bequests. In particular, rising Social 
Security survivor benefits, a greater number 
of single-headed households and reduced 
family size are all factors likely to have re- 
duced the necessity for bequests. Thus ex- 
pressing B, and B, as functions of other 
demographic factors that changed during the 
1970’s could lead to additional theoretical 
support for the secular slowdown in savings. 

The effects of changes in longevity on ag- 
gregate savings also depend crucially on the 
structure and timing of the utility-maximiza- 
tion problem. Expanding the model to in- 
clude general equilibrium effects of shifts in 
bequest flows, as well as more extensive evi- 
dence on life insurance holdings by age, could 
modify the result that increasing lifespan has 
at most a negligible effect on savings. It is 
unlikely, for whatever parameters, that the 
predicted changes in savings would be of 
equal magnitude to that suggested by the 
traditional life cycle model with certain (but 
expanding) length of life. Both the existence 
of a bequest motive, and the fact that con- 
sumers response to rising lifespan as an in- 
crease in the probability of attaining old age, 
suggest that the rising longevity of the 1970’s 
had little or no effect on aggregate savings 
rates. 


APPENDIX 


When actuarially fair insurance policies 
are available, the Lagrangian is 


P = EU-h,(¥,-C, + rL- By) 
~A,((%-C- (1-7) L)(1 +r) 


+ Y,—C,—B;). 
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It is straightforward to show that 

(Al) c°- eby" =0 

(A2) Cy ¥*°-a(lt+r) dB," =0. 
Substituting in for B, and B, (and noting 


that C, = a’B,), and taking the total deriva- 
tive of (A1) and (A2), we have 


(A3) —(CP+ aBe) dc, 
+ aBe(Ldx + dL) =0 
(A4) —(CP+A,) dc, 


+A,(Lda-(1- 2) dL) =0 
and = A,=a(i+r) dBe/(1+ 0’). 


From (A3) and (A4), it is straightforward to 
derive the expressions in the text. 

In a model with insurance, A is defined 
somewhat differently; 


A=[¥,-C,+a(1tr)(l+a)7 
x(¥,-C,-(1-7)L) 
+ a(l+n)'(%-C)] 


Jle, + a(1+n) E]. 


Note that the premiums collected in the first 
period still comprise a portion of total assets 
(since they haven’t been paid out), so that 
assets of the young are Y, — C}. 


REFERENCES 


Arthur, W. B. “The Economics of Risks to 
Life,” American Economic Review, March 
1981, 71, 54—64. 

Auerbach, Alan J., “Issues in the Measurement 
and Determination of Business Savings,” 
Working Paper No. 1024, National Bureau 
of Economic Research, November 1982. 

Boskin, Michael J., “Taxation, Savings, and 
the Rate of Interest,” Journal of Political 
and Economy, April 1978, 86, S3-28. 


1150 THE AMERICAN ECONOMIC REVIEW 


Davies, James B., “Uncertain Lifetime, Con- 
sumption, and Dissavings in Retirement,” 
Journal of Political Economy, June 1981, 
89, 561-77. 

Farber, Henry S., “Individual Preferences and 
Union Wage Determination: The Case of 
United Mine Workers,” Journal of Politi- 
cal Economy, October 1978, 86, 923-42: 

Fries, James F., “Aging, Natural Death, and 
the Compression of Morbidity,” New En- 
gland Journal of Medicine, July 17, 1980, 
130-35. 

Gersovitz, Mark, “Savings and Nutrition at 
Low Incomes,” Journal of Political Econ- 
omy, October 1983, 91, 841-55. 

Ghez, Gilbert and Becker, Gary S., The Allo- 
cation of Time and Goods over the Life 
Cycle, New York: Columbia University 
Press, 1975. 

Hall, Robert E., “Intertemporal Substitution 
in Consumption,” Working paper No. 720, 
National Bureau of Economic Research, 
July 1981. 

Hamermesh, Daniel S., “Expectations, Life 
Expectancy and Economic Behavior,” 
Quarterly Journal of Economics, forthcom- 
ing 1985. 

, “Life-Cycle Effects on Consumption 
and Retirement,” Journal of Labor Eco- 
nomics, July 1984, 2, 1-7. 

Heien, Dale M., “Demographic Effects and 
the Multiperiod Consumption Function,” 
Journal of Political Economy, January/ 
February 1972, 80, 125-38. 

Kotlikoff, Laurence J., “Some Economic Impli- 
cations of Life Span Extensions,” Working 
Paper No. 155, UCLA, May 1979. 

and Summers, Lawrence H., “The Role 
of Intergenerational Transfers in Aggre- 





DECEMBER 1985 


gate Capital Accumulation,” Journal of 
Political Economy, August 1981, 89, 
706-32. 

Menchik, Paul and David, Martin, “Income Dis- 
tribution, Lifetime Savings, and Bequests, 
American Economic Review, September 
1983, 73, 672-90. 

Parsons, Donald, “The Decline in Male Labor 
Force Participation,” Journal of Political 
Economy, February 1980, 79, 117-34. 

Pissarides, C. A., “The Wealth-Age Relation 
with Life Insurance,” Economica, Novem- 
ber 1980, 47, 451-58. 

Skinner, Jonathan, “The Effects of Variable 
Lifespan and Uncertain Earnings on Con- 
sumption: A Theoretical and Empirical 
Analysis,” unpublished doctoral disserta- 
tion, UCLA, 1983. 

Weber, Warren E., “The Effect of Interest 
Rates on Aggregate Consumption,” Amer- 
ican Economic Review, September 1970, 
60, 591—600. 

, “Interest Rates, Inflation, and Con- 
sumer Expenditures,” American Economic 
Review, December 1975, 65, 843-58. 

Wolfe, John R., “Perceived Longevity and 
Early Retirement,” Review of Economics 
and Statistics, November 1983, 65, 544-51. 

Yaari, Menahem E., “Uncertain Lifetime, Life 
Insurance, and the Theory of the Con- 
sumer,” Review of Economic Studies, April 
1965, 32, 137-50. 

American Council of Life Insurance, Life In- 
surance Fact Book, 1981 and various years. 

National Center for Health Statistics, Vita! Sta- 
tistics of the United States, Washington, 
1970, 1975. 

U.S. Council of Economic Advisers, Economic 
Report of the President, Washington, 1982. 


Purchasing Power Parity Did Not Collapse During the 1970's 


By NURHAN DAVUTYAN AND JOHN PIPPENGER* 


When data from the 1970’s are used to 
evaluate purchasing power parity, the results 
generally lead to rejection. See, for example, 
Paul Krugman (1978), Richard Roll (1980), 
Jacob Frenkel (1981), and Robert Cumby 
and Maurice Obstfeld (1982). Probably the 
best known study is by Frenkel where he 
compares the performance of purchasing 
power parity (PPP) during the 1920’s and 
1970’s, and concludes that the theory worked 
well in the 1920’s, but not during the 1970's. 
We believe that purchasing power parity 
worked about as well in the 1970’s as it did 
in the 1920’s. What was different between 
the two periods was that monetary policy 
was more coordinated in the 1970’s than 
it was in the 1920’s. It is the coordination 
of monetary policy, not the collapse of 
PPP, that causes conventional tests to reject 
PPP for the 1970’s. In addition, we believe 
that, contrary to conventional wisdom, PPP 
works at least as well under monetary stabil- 
ity as during inflation. 

We develop our argument as follows. Sec- 
tion I summarizes the PPP equilibrium based 
on commodity arbitrage and examines how 
PPP can fail. Section JI uses this analysis to 
reinterpret the evidence from the 1920’s and 
1970’s, and Section III discusses the interpre- 
tation of the errors from PPP. 


I. Theoretical Background 
A. Commodity Arbitrage 


Suppose that there are no transaction costs 
or other impediments to trade. All goods are 
tradable and effective arbitrage implies the 


*Visiting Lecturer and Professor of Economics, re- 
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93106. We thank the following individuals for their 
comments: John Mussachia, Jirg Niehans, an anony- 
mous referee, and various members of the research staff 
at the Federal Reserve Bank of San Francisco. 
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relative version of purchasing power parity. 


(8/2), _ (8/2). /8/O)o 
(67/8 (£/8),AE/Q)o’ 





(1) 


where Q is the same bundle of goods for 
both countries. For simplicity, we define R, 
and P, as follows: 


(8/£),/(8/£)o= R, 
(8/2), /($/Q)o 


and Oe ws 


(£/2)/(E/Q)o 


75 


Now equation (2) describes the relative ver- 
sion of PPP: 


(2) R,=P, 
In most empirical studies, the test equation is 
(3) log R, = ay + alog Ê, 


where Ê, is based on consumer or wholesale 
indexes, or GNP deflators. In many cases R, 
does not include the base-period exchange 
rate and a is an estimate of the log of the 
base exchange rate. 


B. Why PPP Fails 


From an arbitrage perspective, there are 
essentially two reasons for deviations from 
equation (2). Arbitragers may not respond to 
profitable opportunities, or transaction costs 
and other impediments may inhibit trade. 
The first explanation seems unlikely, so in 
the first three subsections we concentrate on 
the effects of transaction costs. The following 
two subsections discuss why estimates of 
equation (3) can fail even when (2) holds. 


1. Nontradables: With zero transaction costs, 
all goods are tradable. When we drop that 
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assumption, it is convenient to divide goods 
into two groups: tradables with zero transac- 
tion costs and nontradables with high trans- 
action costs. In the absence of trade restric- 
tions, arbitrage keeps relative prices between 
tradables equal across countries, but this 
linkage breaks down for nontradables and 
relative prices between nontradables as well 
as between tradables and nontradables can 
differ between countries. As a result, when 
there are real shocks, equation (2) holds for 
tradables but not for nontradables. 

Although it is generally recognized that 
real shocks introduce errors into PPP and 
reduce the R?, it is not generally appreciated 
that these shocks introduce measurement er- 
ror and bias the estimate of a, toward zero. 
As an example, suppose the variance in P, 
o*, comes from two independent sources. 
Monetary shocks that do not alter relative 
prices, oå, are one source. For this source, 
equation (2) holds. In addition, there are real 
shocks that change relative prices between 
nontraded goods, o7. For this component, 
there is no systematic relation between price 
levels and exchange rates. 

op =0 + of 

Under these conditions, ordinary least 

squares yields the following estimate for a,:* 


(4) plimâ, =1.0/[1.0+(02/o%)]. 


As inflationary shocks dominate real shocks, 
estimates of a, approach unity. As monetary 
shocks disappear, R? declines and estimates 
of a, approach zero even though equation 
(2) holds perfectly for monetary shocks and 
real shocks have not increased. 


TAs Bela Belassa (1964), Frenkel, and others have 
recognized, changes in relative prices between tradables 
and nontradables also introduce errors into PPP. How- 
ever, the econometric implications for such changes are 
much more difficult to determine because there is a 
systematic relation between these changes and the ex- 
change rate. An increase in the price of nontradables 
relative to tradables tends to be associated with appreci- 
ation. How this change is related to P depends on the 
weights in the price indexes. 

?For an excellent discussion of the effects of mea- 
surement error, see Albert Madansky (1976). 
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2. Tradables: The assumption of zero trans- 
action costs and no trade restrictions for 
tradables is analytically convenient, but not 
very accurate. Relative prices among trad- 
ables also can diverge between countries. As 
in the case of nontradables, this divergence 
introduces error into PPP and reduces both 
the R? and regression ccefficient. The pri- 
mary difference between tradables and non- 
tradables is that differences in relative prices 
are limited for tradables, but not for non- 
tradables. 

This distinction is important because the 
error structure is different in the two cases. If 
errors in PPP are due primarily to changes 
in relative prices between tradables, the er- 
rors are bounded and real exchange rates 
should not behave like a martingale. If errors 


‘ in PPP are due to changes in relative prices 


between nontradables, or between tradables 
and nontradables, no such restriction applies 
and real exchange rates can behave like a 
martingale. A given shock can alter the rela- 
tive price between nontradables and the next 
shock may be as likely to reinforce as to 
offset the initial shock. 


3. The Asset Approach:. Asset models of ex- 
change rates like Rudiger Dornbusch (1976) 
have become popular because they appear to 
explain the volatility of exchange rates. An 
essential feature of these models is that com- 
modity markets adjust slowly relative to 
markets for assets. As a result, commodities 
are nontradable in the short run and trad- 
able in the long run. If this approach is 
correct, the errors in equation (3) should be 
relatively small in the long run and real 
exchange rates should not behave like a 
martingale. 


4. Simultaneity: Even if equation (2) held 
exactly, equation (3) could yield estimates of 
a, that are not equal to unity. Neither price 
levels nor exchange rates are exogenous vari- 
ables, which raises the possibility of bias due 
to simultaneous equations. See Krugman for 
an example of how simultaneity can bias 
estimates of a, toward zero. 


5. Unequal Weights: In equation (2), the 
weights in the price indexes are the same for 
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TABLE 1— MONTHLY GLS ESTIMATES OF EQUATION (3) USING THE DOLLAR PRICE 
OF FOREIGN EXCHANGE AND WHOLESALE INDEXES 


R?/ 

Country Standard Durbin- 

and Period a9 a% Error Watson p 

France 0.636 1.357 0.536 1.57 0.814 
1920-25 (0.137) (0.151) 0.056 

Germany — 0.746 0.976 0.997 2.02 0.318 
1919-24 (0.082) (0.006) 0.366 

England — 0.043 0.711 0.489 1.39 0.761 
1920~March 1925 (0.018) (0.093) 0.025 

Canada 0.048 0.289 0.267 1.52 0.824 
1919-25 (0.07) (0.053) 0.011 

Japan 0.036 0.201 0.204 1.23 0.957 
1919-25 (0.033) (0.044) 0.015 


Note: All data are from various issues of the Federal Reserve Bulletin except for German 
wholesale prices, which are from European Currency and Finance (J. P. Young, 1925). 
The base period is 1913 and the base exchange rate is mint par. These regressions use 
the SAS AUTOREG procedure with one-period serial correlation for the error term. 
Standard errors are shown in parentheses. 


both countries. Using CPI or wholesale price 
indexes or GNP deflators violates this re- 
quirement and introduces measurement er- 
ror. Consider the following simple example. 
Country A produces only wheat and country 
B only cloth. Some real shock causes the 
wheat price of cloth to rise proportionately 
in both countries, but the exchange rate 
does not change and neither does the ratio 
of price levels P, when the weights are 
the same. Now replace P, with P,, the GNP 
deflator for A divided by the GNP deflator 
for B. P, falls when P, and the exchange rate 
are unchanged. This movement in P, biases 
the estimate of a, toward zero and reduces 
the R? even if equation (2) holds exactly. 


Il. The Evidence 
A. Inflation vs. Monetary Stability 


Table 1 shows monthly GLS estimates of 
equation (3) during the 1920’s for the United 
States vs. five other countries. The R? and 
estimate of the regression coefficient support 
the conventional wisdom that purchasing 
power parity works well under inflationary 
conditions, but not under more normal con- 
ditions. The R? is relatively high and the 
estimate of a, fairly close to unity for France 
and Germany, but for Canada and Japan the 


R? is low and the estimate of a, is over 10 
standard errors below unity.’ 

Subsection 5 above suggests that the R? 
and regression coefficient provide a poor ba- 
sis for judging PPP. The real exchange rates 
shown in Table 2 illustrate that point. Table 
2 uses the same data as Table 1, but tells a 
very different story. For France, the best 
year yields a predictive error of over 13 
percent. For Germany the best PPP can do 
is about a 25 percent error, and that is after 
the hyperinflation is over. 

The performance of PPP for the noninfia- 
tionary countries is much better. For the 
worst years, PPP yields a predictive error of 
11, 7, and 17 percent for Canada, England, 
and Japan, respectively. When PPP predicts 
exchange rates in 1924 based on rates in 
1913, for these three countries the theory 
yields a maximum predictive error of about 9 
percent and an average predictive error of 
about 1 percent. 

The information in Table 2 is not totally 
absent from Table 1, but one must look 


3In terms of relative monetary stability, England lies 
between these two pairs of countries. From 1919 to 
1926, wholesale prices in Canada, Japan, and the United 
States all fell about 25 percent. In England, prices fell 
by about 35 percent. 
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TABLE 2— ACTUAL DOLLAR PRICES OF FOREIGN EXCHANGE AS A PROPORTION OF 
THE PARITY RATE BASED ON WHOLESALE INDEXES AND 1913 MINT PAR 
AS A BASE-PERIOD EXCHANGE RATE 





Year France Germany 
1919 - 0.464 
1920 0.782 0.449 
1921 0.868 0.563 
1922 0.863 0.534 
1923 0.750 0.665* 
1924 0.758 0.748 
1925 0.716 - 


Canada England Japan 
0.946 - 1.137 
0.938 0.994 1.010 
1.008 1.070 1.173 
0.933 0.972 1.113 
0.896 0.970 1.114 
0.911 1.007 1.041 
0.912 = 0.972 


Note: Annual averages of monthly data used in Table 1. 
* October was omitted. If that month is included the figure is 1.638. 


carefully. Since Table 1 uses a base-period 
exchange rate, the large negative intercept 
for Germany is a sign that PPP is seriously 
biased. An examination of the standard er- 
rors also suggests that equation (3) did not 
work as well for France and Germany as for 
England, Canada, and Japan. For the first 
two countries, the standard errors of the 
regression are 0.056 and 0.366, but for the 
other three countries they are 0.025, 0.011, 
and 0.015. 

A comparison of Tables 1 and 2 provides 
one example of how dangerous it can be to 
evaluate PPP solely on the basis of R? and 
regression coefficients. The conclusion that 
purchasing power parity failed in the 1970’s 
` provides another example. 


B. Frenkel’s Evidence 


Table 3 replicates Frenkel’s estimates for 
the 1920’s and Table 4 shows his results for 
the 1970’s. The average standard error for 
the 1920’s is 0.102. For the 1970’s, it is only 
0.029. If we drop the dollar/franc rate, which 
appears only in the 1920’s, the average 
standard error for the 1920’s rises to 0.122. 
Based on the predictive error, this evidence 
does not support the claim that PPP col- 
lapsed in the 1970s. 

Frenkel attributes the decline in PPP to 
“...the volatile character of the 1970s which 
witnessed great turbulence in the world econ- 
omy and large volumes of real shocks like 
the oil embargo, supply shocks, commod- 
ity booms and shortages, shifts in the de- 
mands for money and differential productiv- 


ity growth” (p. 162). However, the evidence 
presented here, and a more balanced view of 
history, suggest that the 1970’s were no more 
turbulent than the 1920’s. A comparison of 
the standard errors for PPP in the two peri- 
ods certainly suggests that real shocks did 
not interfere with PPP any more in the 
1970’s than in the 1920’s. In addition, recent 
turbulence such as the oil shock is fresh in 
our mind, but we tend to forget that the 
1920’s were also very turbulent.’ In addition 
to hyperinflations, there were the uncertain- 
ties associated with the reestablishment of 
trade after World War I, the various repara- 
tions crises, and, perhaps most important, 
the massive worldwide agricultural depres- 
sion. From 1919 to 1921, as the U.S. whole- 
sale price index fell by 29 percent, U.S. farm 
prices fell 30 percent relative to industrial 
prices. From 1921 to 1925, with a stable 
price level, farm prices rose 25 percent rela- 
tive to industrial prices." 


C. Another Look at the Recent Float 


Table 5 shows monthly estimates of equa- 
tion (3) for the United States and Canada for 
1972 through 1977, and 1978 through early 


4Frenkel recognized the effect of changes in relative 
prices between tradables and nontradables. Indeed, he 
based his conclusions to some exient on an estimate of 
the change in relative prices using the ratio of consumer 
to wholesale indexes. Unfortunately, he only did these 
computations for the 1970’s, so he could not compare 
their behavior in the two periods. 

>See Historical Statistics of the United States..., Vol. 
I (1975, p. 199). 
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TABLE 3— PURCHASING POWER PARITIES: INSTRUMENTAL VARIABLES, MONTHLY DATA DURING THE 1920’s® 














Dependent 
Variable Price Standard Durbin- 
In S, Index Constant Ln P, Error Watson p 
Mark/Pound Wholesale —1.676 1.026 0.221 2.01 0.24 
(Feb. 1921 (0.178) (0.017) 
—Aug. 1923) 
Cost of -1.575 1.084 0.367 2.06 0.50 
Living (0.423) (0.041) 
Franc/Pound Wholesale 0.562 1.141 0.044 1.82 0.53 
(Feb. 1921 (0.207) (0.064) 
-May 1925) 
Material 0.613 1.081 0.042 2.18 0.48 
(0.180) (0.054) 
Dollar/Pound Wholesale —0.118 0.897 0.019 1.99 0.85 
(Feb. 1921 (0.482) (0.267) 
-May 1925) 
Material — 0.073 0.847 0.022 1.83 0.80 
(0.453) (0.245) 
Franc/Dollar Wholesale 1.183 1.091 0.054 1.70 0.58 
(Feb. 1921 (0.157) (0.109) 
-May 1925) 
Material 1.243 0.992 0.050 1.74 0.54 
(0.130) (0.085) 


Source: Frenkel, Table 1, p. 148 (reprinted with permission of the European Economic Review). 
Note: S, is the spot rate, not the spot rate relative to a base-period rate. As a result, the intercept serves as an estimate 
of the log of the rate in the base period. 

*Standard errors are shown in parentheses. 


TABLE 4— PURCHASING POWER PARITIES: INSTRUMENTAL VARIABLES, MONTHLY DATA: 
JUNE 1973—JuLyY 19797 











Dependent 
Variable Standard Durbin- 
InS, Constant In PS In PY Error Watson p 
Dollar / Pound 0.712 0.165 0.027 1.63 0.963 
(0.149) (0.507) 
2,982 1.07 0.029 1.66 0.998 
(2.978) (0.897) 
Dollar/ Franc —1.521 0.184 0.029 2.26 0.863 
(0.027) (0.374) 
-1.57 —1.07 0.029 23 0.901 
(0.047) (0.817) 
Dollar/DM — 0.900 1.786 0.034 1.69 0.739 
(0.018) (0.230) 
— 0.908 2.217 0.031 1.96 9.759 
(0.175) (0.263) 





Source: Frenkel, Table 2, p. 149 (reprinted with permission of the European Economic Review). 

Note: Pf and P” are, respectively, the consumer and wholesale relative price levels. Since S$, is the spot rate, not the 

spot rate relative to a base period rate, the intercept is an estimate of the log of the rate in the base period. 
@Standard errors are shown in parentheses. 
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TABLE 5— MONTHLY GLS ESTIMATES OF EQUATION (3) FOR THE UNITED STATES VS. CANADA, 
ARGENTINA, BRAZIL, AND ISRAEL: WHOLESALE INDEXES 
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Country Period ao 

Canada Jan. 1972 —0.02 
Dec. 1977 (0.01) 
Jan. 1978 —0.15 
Feb. 1984 (0.00) 

Argentina June 1973 1.11 
July 1979 (0.17) 

Brazil June 1973 — 3.82 
July 1979 (0.03) 

Israel June 1973 —1.82 
July 1979 (0.08) 


R?/ 
Standard Durbin- 
a Error Watson p 

0.25 0.03 

(0.16) 0.010 1.07 0.82 
0.82 0.37 

0.12) 0.010 1.62 0.73 
1.12 0.89 

(0.04) 0.134 2.15 0.83 
0.98 0.96 

£0.02) 0.018 1.61 0.81 
1.11 0.88 

£0.04) 0.046 2.09 0.81 





Note: IFS data tape October 1984 with no base-period exchange rate. These regressions use the SAS AUTOREG 
procedure with one-period serial correlation for the error term. Standard errors are shown in parentheses, 


1984. In terms of the R? and regression 
coefficient, PPP fails for the earlier period 
but not for the later period.® The reason for 
the difference is that from 1972 through 1977 
wholesale prices in Canada rose only 5 per- 
cent more than in the United States, while 
from 1978 through early 1984 the differ- 
ence was over 14 percent. The divergence in 
monetary policy also caused the variance in 
the log of relative price levels to increase by 
about four times in the second period. 
Although by conventional standards PPP 
appears to fail for Canada during the early 
1970’s, in terms of the standard error of the 
equation, PPP performs as well during this 
period as from 1978 to early 1984. In ad- 
dition, from that perspective, PPP performs 
better for Canada during the 1970’s than it 
does for all other countries in the 1920's. 
Table 5 also shows GLS estimates of equa- 
tion (3) between the United States and three 
inflationary countries: Argentina, Brazil and 
Israel. Purchasing power parity worked as 
well for these countries in the 1970’s as it did 
for France and Germany in the 1920’s. Given 
the evidence for Canada, Argentina, Brazil, 
and Israel, it is impossible to conclude that 


®For the second period, other programs yield a differ- 
` ent coefficient for the same rho. Hildreth-Lu, for exam- 
ple, gives 0.68 (0.12) as an estimate of a,, which is also a 
substantial improvement over the earlier period. The 
standard error of the regression is essentially unchanged. 


PPP worked well in the 1920’s, but col- 
lapsed in the 1970's. 


III. Interpretation of Errors 


Using an arbitrage approach, the theoreti- 
cal section identified five sources for the 
failure of purchasing power parity. What can 
we say about the relative importance of these 
sources? 


A. Different Weights 


Recent research by John Mussachia (1984) 
using indexes with identical weights suggests 
that, except perhaps for very stable mone- 
tary episodes, different weights in the price 
indexes are not a major source for the ob- 
served errors in purchasing power parity.’ 


B. Assets and Tradables 


Asset models like Dornbusch’s and changes 
in relative prices between tradables imply 
that movements in the real exchange rate are 
bounded. A number of studies, however, have 
found that the real exchange rate essentially 
performs a martingale. See Roll, Michael 
Adler and Bruce Lehman (1983), Michael 


TOf course, if PPP is used as a guide to policy, even 
small errors due to the wrong weights can have serious 
consequences. 
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Darby (1980), and Pippenger (1982).* Since 
a martingale implies that real exchange rates 
are unbounded, a martingale is inconsistent 
with asset models like Dornbusch’s and 
changes in relative prices between tradables.’ 


C. Simultaneity 


Ordinary least squares estimates of PPP 
are subject to bias due to simultaneous equa- 
tions, but this bias does not appear to be a 
major source for the low R? and estimates of 
a,. In Tables 3 and 4, Frenkel used two-stage 
least squares with instrumental variables and 
PPP still appeared to fail when relative price 
levels moved together. In addition, the re- 
sults of our earlier paper (1984) suggest that, 
once the effects of measurement error are 
reduced substantially, the instrumental vari- 
able technique used by Frenkel and others 
has little affect on estimates of a. 


D. Nontradables 


Given the evidence as it now stands, the 
most reasonable interpretation appears to be 
that the errors from PPP are dominated by 
changes in relative prices for nontradables, 
which is consistent with a martingale.’ If 
this interpretation is correct, then the rela- 
tively large errors for inflationary countries 
suggests that monetary instability increases 
the movement of relative prices for non- 
tradables. 


IV. Summary and Conclusions 


The evidence suggests that the errors in 
purchasing power parity are dominated by 
shocks that alter relative prices for nontrad- 


®These studies tend to concentrate on the 1970's. 
However, our analysis of the 1920’s yields similar re- 
sults. Identically, weighted indexes also yield the same 
results. See Mussachia. 

There is, however, a question about the power of all 
the standard tests to identify a stochastic process with 
weak elastic reflecting barriers. 

107f this interpretation is correct, the strength of the 
dollar during 1983 and 1984 is primarily the result of an 
increased demand for nontradables in the United States 
that has lowered the price of tradables relative to non- 
tradables. 
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ables. Although it is widely recognized that 
such shocks introduce errors into PPP, it is 
not generally appreciated that they also can 
bias the estimate of a, toward zero. As a 
result, PPP can predict well for periods of 
relative monetary stability even when esti- 
mates of R? and the regression coefficient 
are close to zero. 

In addition, an R? and estimate of a, 
close to unity for inflationary episodes does 
not imply that PPP works better under in- 
flationary conditions than it does under more 
stable monetary policy. These estimates sim- 
ply imply that purely monetary shocks are 
swamping the effects of real shocks. Indeed, 
the predictive error from purchasing power 
parity tends to be larger with inflation. 

When Frenkel and others compared the 
results of testing PPP for the 1920’s and 
1970’s, they misinterpreted the sharp de- 
clines in the R? and regression coefficient. 
They attributed this decline to a collapse of 
PPP, when in fact it reflected a reduction in 
the relative importance of monetary shocks. 
If there has been a decline in the predictive 
ability of PPP from the 1920’s to the 1970’s, 
it has been very modest. Purchasing power 
parity did not collapse in the 1970’s. 
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Speeding, Coordination, and the 55 MPH Limit 


By CHARLES A. LAVE* 


Do laws coordinate or restrain? A number 
of recent papers discuss the optimality of the 
55 mph national maximum speed limit 
(NMSL), and evaluate the tradeoff of time- 
lost vs. lives-saved resulting from the lowered 
speed (James Jondrow et al., 1983; Dana 
Kamerud, 1983; Thomas Forester et al., 
1984). These papers all implicitly accept the 
conventional wisdom—speed kills, slower is 
safer. 

This conventional wisdom leads to laws 
designed as limits on behavior, whereas 
“..the crucial element is often coordination. 
People need to do the right things at the 
right time in relation to what others are 
doing” (Thomas Schelling, 1978, p. 121). 
There are indeed some traffic laws that 
establish conventions of expected conduct: 
we ask that motorists drive to the right, not 
because driving on the left is evil, but be- 
cause it is important that the direction of 
flow be commonly agreed upon. Likewise, 
traffic lights are best viewed as a coordinat- 
ing device: allowing free flow to alternating 
lanes of traffic to reduce the confusion and 
loss of time in unsignalized intersections. 

For peculiar historical reasons, speed laws 
evolved as limits on driver behavior, rather 
than as signaling devices meant to coordinate 
it. Guided by the limit-rationale, police con- 
centrate on those drivers who exceed the 
legal speed, and tend to ignore those drivers 
who disrupt coordination by traveling much 
slower than the norm. 

This paper tests these differing views of 
the law by examining the current effects of 


*Department of Economics, University of California, 
Irvine, CA 92717. Amihai Glazer made a major contri- 
bution to the conceptualization of the research; he is 
innocent of any errors in its execution. The work was 
done while I was serving as a member of the National 
Research Council’s Commission for the Study of Ben- 
efits and Costs of the 55 MPH National Maximum 
Speed Limit; though the conclusions do not necessarily 
represent those of the staff and members of the Com- 
mission. 
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the 55 mph NMSL—should it be viewed as a 
coordinating mechanism or a limiting mech- 
anism? I measure the effects of limit-defying 
behavior (speeding), and absence of coordi- 
nation (speed variance) on the fatality rate. 
Based on analysis of 1981 and 1982 state 
cross-section data, I find that there is no 
Statistically discernable relationship between 
the fatality rate and average speed, though 
there is a strong relationship to speed vari- 
ance. When most cars are traveling at about 
the same speed, whether it is a high speed or 
a low one, the fatality rate will be low—pre- 
sumably because the probability of collision 
will be low. Variance kills, not speed. 


I. Data and Methodology 


The dependent variable is fatalities per 
100 million vehicle miles traveled; data points 
are state averages. Since fatality rates differ 
by type of highway, I looked separately at 
six different types of high-speed roads: rural 
interstates, arterials, and collectors; and 
urban freeways, interstates, and arterials.! 
Separate regressions were fitted to data for 
1981 and 1982; thus there were twelve dis- 
tinct equations—six highway types for each 
of two years. I screened out any data point 
based on five or fewer fatalities; and Alaska 
and Hawaii were excluded because of their 
markedly atypical highways and driving con- 
ditions. 

Table 1 shows the characteristics of each 
subset of the data. (“Speed Variance” is a 
measure of the dispersion of speeds among 
drivers. The distribution is approximately bell 
shaped: the “Average Speed” is about at the 
center of this distribution, and the “85th 
Percentile Speed” is about one standard de- 


l«Urban freeways” also include urban expressways, 
hence their average standard is lower than interstates. 
“Arterials” have improved shoulders and wider lanes 
than “‘collectors.” 
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Highway Type 
1981 


Rural Interstate ' 


Rural Arterial 
Rural Collector 
Urban Freeway 
Urban Interstate 
Urban Arterial 
1982 
Rural Interstate 
Rural Arterial 
Rural Collector 
Urban Freeway 


Urban Interstate - 


Urban Arterial 


Fatality 
Rate? 


1.81 
4.97 
4.11 
3.25 
1.37 
2.67 


1.50 
4.24 
4.32 
1.77 

124 
2.33 
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TABLE 1— MEANS OF THE VARIABLES 


Average 
Speed 
(mph) 


Percent Percent 


> 


68.7 
43.4 
33.4 
46.3 
54.1 
31.2 


BA 


. 471 


35.4 
55.1 
61.8 
35.9 


of Cars -of Cars - 
> 


55 mph 65 mph 


9.31 
4.37 


Source: Highway. Statistics, U.S. Department of Transportation. 
*Fatalities per 100 million vehicle miles traveled. f i 
P85th percentile speed minus the average speed: a rough measure of the standard- deviation of the distribution of 


speeds. 


85th 
% 


63.2 
60.0 
58.7 
59.9 
61.1 
58.1 


65.1 


62 — 


59.6 
62.5 
63.0 
59.4 


Speed 
(mph) 
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Cita- 

Speed tions 

Variance? per 
(85 — Av2) Driver® N 
5.13 - 74.0 . 41 
5.85 72.0: .: 46 
6.99 753, 4 
5.00 58.2 19 
533 59.4 26 
6.12 63.7 23 
6.12 67.0 44 
6.81 64.8 . 47 
7.85 67.3 41 
6.32 53.9 18 
6.41 55.2 27 
7.25 - 55.7 21 


“Speeding citations (on all highway types) per 100 drivers, per year. ‘Variations i in the average, across highway 
types, occur because state-composition varies across subsamples. . , 





Variables _ Mean Lowest Value ` Highest Value 
Rural Interstates 
Fatality Rate $ 1.81 0.39 4.79 
Average Speed 58.1 54.8 62.5 
Percent of Drivers > 55 mph 68.7 40.3 88.8 
Percent of-Drivers > 65 mph 9.31 170 °° 28.6 
‘85th % Speed ‘ 63.2 - 58.87 69.4 
85th Percentile — Average Speed 5.13 2.70 9.10 
Citations per Driver 74.0 24.1 193. 
Urban Freeways : : 
Fatality Rate 3.2 0.89 15.5 
Average Speed 54.9 51.1 57.2 
Percent of Drivers > 55 mph 46.3 23.1 .. 64.6 
' Percent of Drivers > 65 mph 2.94 0.40 8.10. 
85th % Speed 59.9 57.4 63.8, 
85th Percentile — Average Speed 5.40 1.80 7.50 
58.2 24.1 118. 


Citations per Driver 


viation to the right. Thus, the measure “85th 


Percentile— Average Speed” 


is a proxy for 


the standard deviation of observed speeds.) 
Driving speeds and fatality rates differ 
considerably among states. Table 2 illus- 
trates this variation for two subsets.of the 
data: interstate rural roads-and urban free- 


ways in 1981. 


TABLE 2— RANGE OF VARIATION AMONG STATES 


II. A Model of the Fatality Rate 


On a priori grounds, we can say that the 
fatality rate is a function’ of the probability 
of a collision, and of the consequence of the 
collision. Thus we can write: 


Fatality Rate=F( Consequences, Probability). 
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Simple physics indicates that the conse- 
quence of a collision is a function of crash 
speed; and simple logic indicates that the 
probability of collision is a function of the 
dispersion of speeds on a given highway— 
more passing means more chances to collide. 
Thus: 


Fatality Rate 
= F( Speed, Speed Variance, Other Factors). 


Operationalizing Speed as the average speed, 
and operationalizing Speed Variance (85th 
percentile— average speed) where FR de- 
notes Fatality Rate: 


(1) FR=a+b,Avg + b,(85th%— Avg) +e 
=a+t b,85th%+(b, — b,) Avg + e 
(2)  =a+b,85th%+ b,Avgt+e. 


Suppose that speed variance has more effect 
on fatalities than does speed, per se—“coor- 
dinating” the traffic flow is more important 
than “limiting” it. Then in equation (1), b, 
will be larger than b,. Since b,, in equation 
(2), combines the effect of speed and speed 
variance, b, will actually be negative. That 
is, in equations of the form of (2), we would 
expect to get oppositely signed pairs of re- 
gression coefficients, b, positive and b, 
negative. 

Table 3 shows the result of estimating 
equation (2) on the twelve subsets of the 
data. (In addition to the speed measures, it 
also includes a measure of access to emer- 
gency medical care,” and a measure of driver 
characteristics.)> The results confirm the 


2We want to measure both the number of hospitals 
per square mile, and the uniformity of their distribution. 
The variable used was Hospitals/Square Mile multi- 
plied by the Proportion of Population Living in Non- 
metropolitan Areas. Several variants of this were ex- 
amined, and this one proved to be superior. 

3Speeding Citations per Driver is a function of both 
driver aggressiveness and police conscientiousness. The 
results in Table 4 show a positive coefficient in 10 of the 
12 cases, indicating that Citations per Driver is primarily 
a measure of driver behavior. Partial confirmation of 
this idea is seen in the negative correlation between 
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TABLE 3— THE COMBINED EFFECTS OF SPEED 
AND SPEED VARIANCE? 








Average 85th % 

Road Type and Year Speed Speed R? 

Rural Interstate 1981 —.24 20 62 
(1.8) (2.3) 

Rural Arterial 1981 —.75 58 25 
(3.7) (2.8) 

Rural Collector 1981 OL — 01 06 
(0.0) (0.1) 

Urban Freeway 1981 -1.3 .55 29 
(1.7) (0.7) 

Urban Interstate 1981 — .04 10 .12 
(0.3) (1.2) 

Urban Arterial 1981 —.58 .50 15 
(2.4) (2.2) 

Rural Interstate 1982 —.21 9 52 
i (2.3) (2.5) 

Rural Arterial 1982 — 41 35 08 
(2.0) (1.8) 

Rural Collector 1982 — .09 001 10 
(0.7) (0.0) 

Urban Freeway 1982 —.39 .30 14 
(0.8) (0.7) 

Urban Interstate 1982 .04 — O01 13 
(0.3) (0.1) 

Urban Arterial 1982 —.29 .23 16 
(1.7) (1.2) 


at-ratios are shown in parentheses; R? is corrected 
for degrees of freedom; and Hospital Access and Driver 
Characteristics are also in the equation. 


model: 10 out of 12 of the regression coeffi- 
cients of Average Speed are negative, and 10 
out of 12 of. the regression coefficients of 
85th % Speed are positive. The coordination 
effect is larger than the limit effect. 

A further interesting result in Table 3 is 
that the pairs of speed coefficients, in a given 
regression, tend to be of approximately equal 
magnitude. But, by definition, b; = b, — b}, 
so if b, and b, are approximately equal, then 
b, must be near to zero. Since, from equa- 
tion (1), b} measures the effect of average 
speed on the fatality rate, then this would 
imply that speed, per se, has very little or no 
effect on fatalities. That is, the limit effect is 
very small. 





citations and average driver age: a high proportion of 
young, presumably aggressive, drivers leads to a high 
citation rate. 
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TABLE 4— FINAL REGRESSION EQUATIONS? 
Average 
Speed Citations Hospital Speed (if 
Road Type Variance per Driver Access R? è N Entered)? 
Rural Interstate 1981 .176 0136 - 7.75 624 41 (—0.5) 
(2.3) (4.6) (3.6) 
Rural Interstate 1982 .190 0071 —5.29 .532 44 (-0.4) 
(2.6) (2.8) 3.7) 
Rural Arterial 1981 677 0122 915 237 46 (-1.3) 
(3.5) (1.6) (0.2) 
Rural Arterial 1982 375 .0116 ~.424 101 47 (—0.5) 
(2.0) (1.7) (0.1) 
Rural Collector 1981 O11 0041 — 8.61 019 4 (-0.1) 
(0.1) (0.6) (1.6) 
Rural Collector 1982 046 0139 ~ 0.83 089 41 (-1.2) 
(0.3) (2.4) (0.2) 
Urban Freeway 1981 892 0634 —.126 269 19 (-1.2) 
i (1.3) (1.9) (1.1) 
Urban Freeway 1982 281 0410 — 2.86 193 18 (—0.5) 
(0.7) (2.5) (0.5) 
Urban Interstate 1981 .103 0101 324 139 26 (0.7) 
(1.2) (2.0) (0.2) 
Urban Interstate 1982 — 011 .0106 ~.168 167 27 (0.3) 
(0.2) (2.8) (0.1) 
Urban Arterial 1981 - 526 —.0187 — 1.93 .177 23 (—0.6) 
(2.4) ` (1.9) (0.5) 
Urban Arterial 1982 -304 — .0068 — 5.72 168 21 (—1.0) 
; (1.9) (l. (2.2) 





at-ratios are shown in parentheses; R? is corrected for degrees of freedom. 
>Shows the t-ratio of the Average Speed variable if it were to be added to the 


equation (its potential significance and sign). 


A. A Direct Measure of the Effect of Speed 


We can test this implication by estimating 
equation (1): it gives direct coefficient esti- 
mates for. the separate effects of speed and 
speed variance. When these regressions were 
run, Average Speed was insignificant in all 
12 equations, and actually negative in 10 of 
them. I also tried replacing Average Speed 
with three other speed measures—percent of 
cars exceeding 55 mph, percent of cars ex- 
ceeding 65 mph, 85th percentile speed—but 
results were no different. Once the effect of 
variance is held constant, there is no dis- 
cernable effect of speed on the fatality rate.* 


*This conclusion is not contradicted by the observed 
drop in fatalities following the imposition of the 55 mph 
NMSL in 1973, since speed variance fell that year. 


Table 4 shows the final regression equa- 
tions. Average Speed has been removed from 
the equations, but the last column (Average 
Speed (if Entered )) indicates the significance 
and sign it would have if it were to be 
included—it is not only insignificant but ac- 
tually has a perverse sign in 10 of the 12 
equations. As expected, Hospital Access plays 
its biggest role on rural interstates, the high- 
ways that are far removed from normal 
medical services. And, as expected, the effect 
of Speed Variance is least on relatively un- 
congested, multilane highways—the rural 
and urban interstates. 


B. Supporting Evidence 


These results are not unprecedented in the 
traffic engineering literature, though they do 
seem to have been forgotten. Twenty years 
ago, David Solomon investigated the relation 


VOL. 75 NO. 5 


INVOLVEMENT RATE (PER 100 MILLION VEHICLE MILES) f 





VARIATION FROM MEAN SPEED, MPH 


FIGURE 1. DEVIATION FROM AVERAGE SPEED 
VS. THE COLLISION RATE 


between accident rates and variance and 
plotted the curve in Figure 1. This shows 
that it is safest to drive at the median speed, 
and increasingly dangerous to deviate from 
this speed in either direction; that is, slow 
drivers are equally responsible for causing 
accidents. Julie Anna Cirillo (1968) repli- 
cated the Solomon curve on interstate high- 
ways; and Ezra Hauer (1971) provided a 
theoretical foundation for the Solomon curve: 
he derived the number of overtakings ex- 
pected at various speeds (for example, if I 
drive at 45 mph, while the median of the 
pack is 60 mph, how many cars will overtake 
me per hour, and hence have a chance to 
collide with me), and showed that his theo- 
retical distribution was nearly identical to 
the Solomon curve. 


IW. Discussion 


This paper presents evidence that speed 
laws should be viewed as devices for coordi- 
nating speed, not just limiting it. Both the 
slow driver and the fast one impose negative 
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externalities on the median driver. Ap- 
parently, this is a novel conclusion: all cur- 
rent safety campaigns emphasize that “speed 
kills.” They imply that the slower driver is 
the virtuous one and is helping protect him- 
self and other drivers. It isn’t so. To reduce 
fatalities, it is important that everyone drive 
at about the same speed. Thus the major 
consideration in choosing a speed limit is 
that it be obeyed. And the major considera- 
tion for the police is to reduce variance, not 
speed, because slow drivers are as much a 
public hazard as fast ones. 

Clearly, the 55 mph NMSL ignores these 
considerations. It focuses on average speed 
to the exclusion of everything else. Even its 
compliance mechanism is ill-conceived: any 
state where more than half the drivers exceed 
55 mph is subject to loss of federal highway 
subsidies. Thus there is as much federal sanc- 
tion for a 56 mph driver as for a 76 mph 
driver. 

Although I have found no statistically dis- 
cernible effect from speed, per se, this does 
not necessarily imply that it is safe to raise 
the speed limit, for we do not know what 
effect a higher limit would have on the speed 
variance. In the twelve data sets examined, 
there is generally a negative correlation be- 
tween average speed and speed variance (8 
negative correlations, 3 positives, and one 
0.0); but I take these correlations to be 
suggestive rather than predictive. 

However, the results presented here, and 
supported by the apparently forgotten ob- 
servations in the highway engineering litera- 
ture, do imply that major changes in the 
National Maximum Speed Limit and police 
behavior are warranted. 


5Of course the NMSL was instituted to save energy, 
not lives, but its energy effects are relatively trivial—ap- 
proximately a 0.2-1.0 percent reduction in gasoline 
consumption (Glenn Blomquist, 1984). 
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Identification by Disaggregation 


By MATTHEW J. CUSHING AND MARY G. MCGARVEY* 


Standard economic theory predicts that 
the actions of individual participants in com- 
petitive markets have negligible effects on 
market-determined aggregates. Applied re- 
searchers, and even some econometric text- 
books,” incorrectly infer from this that 
market prices can be modeled as econometri- 
cally exogenous with respect to the quan- 
tity demanded of an individual consumer.* 
This faulty inference has even led some re- 
searchers (for example, Robert Engle, 1978; 
Nicholas Kiefer, 1984; Roger Waud, 1974) 
to employ an estimation strategy we call 
identification by disaggregation (IBD). This 
procedure attempts to circumvent the si- 
multaneity problem in a macro regression by 
disaggregating the dependent variable and 
estimating the relationship for individual 
agents or sectors. This note provides a simple 
proof that estimates using disaggregated de- 
pendent variables suffer, on average, from 
the same degree of simultaneity bias as the 
estimates using aggregate data. 

Let Y be a T X1 vector of T observations 
on a macro variable and X be a TXk 
matrix of T observations on k macro vari- 


*Departments of Economics, Emory University, 
Atlanta, GA 30322, and Georgia State University, 
Atlanta, GA 30303, respectively. This note has benefited 
from helpful comments from Mark Meador and an 
anonymous referee. 

1 Nicholas Kiefer uses household data to estimate the 
Rotterdam demand model, arguing “... according to the 
usual arguments the simultaneity problem is not pres- 
ent. Surely supply to an individual is perfectly elastic...” 
(1984, p. 288). 

2“While studying the demand for gasoline by 
households, we can treat the quantity demanded as 
endogenous and income and price as exogenous, arguing 
that the household does not have control over these” 
G. S. Maddala (1977, p. 5). 

3 The premise is that individual agents or sectors do 
not control the aggregate variables. However, economet- 
ric exogeneity can fail if the error term of the individual 
behavioral equation is merely correlated with the ag- 
gregate variables. For a careful discussion of alternative 
definitions of econometric exogeneity and their useful- 
ness for inference, see Robert Engle, David Hendry, and 
Jean-Francois Richard (1983). 
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ables. For example, Y and X could be ag- 
gregate output growth and money growth. 
Let the aggregate relationship between Y and 
X be 


(1) Y=XB+e, 


where all variables are deviations from their 
means and plim(X’X/T)~!=@Q and E(e) 
=0. Assume that there is some feedback 
from X to Y so that plim(X’e/T)= P +0. 
The crdinary least square (OLS) estimation 
of B from (1) yields the inconsistent estima- 
tor B= (X’X)~!X’Y, where the incon- 
sistency is 


(2) plim( Ê — B) = OP. 


It is often argued that the inconsistency in 
sectoral regressions is smaller. For example, 
Waud argues that since the feedback from 
employment in a particular industry to ag- 
gregate money growth should be minimal, 
the simultaneous equations bias in sectoral 
regressions should be smaller than that in the 
aggregate regression.‘ 

From (1) we can write the disaggregated 
relationships between the Y, and X as 


(1) Y, = XB, + e; 
n n 
where Y= }, Y/n,. B= ¥B,/n, 
i=1 i=1 
e= 2 e;/n 
i=1 


and n is the number of sectors considered. 
The OLS estimator of B, from (1’) is B= 
(X'X) XY, It is immediately obvious that 


*However, Waud admits “...it is very difficult to 
establish unequivocally that the reduced form approach 
used here definitely reduces single-equation least squares 
bias, even though it seems likely that it does” (p. 186). 
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the OLS estimator Ê from (1) iş simply the 
average of the OLS estimators B, from (1’). 
Defining plim(X’e,/T)=P,, the inconsis- 
tency of any B; is 


(2’) plim( Ê; — B,) = QP.. 


Clearly, the inconsistency of the aggregate 
estimator, (2), is simply the average incon- 
sistency of the sectoral estimators, (2’), over 
the n sectors. Of course, estimates from sec- 
tors with lower than average P,’s exhibit 
smaller inconsistencies than the aggregate 
estimator. However, some prior information 
is required in order to identify these sectors. 
If sectors are chosen at random, the expected 
inconsistency of the sectoral estimator is 
identical to the inconsistency of the aggre- 
gate estimator. 

The above result is a consequence of the 
linearity of ordinary least squares. The result 
holds for any linear estimator. (for example, 
OLS, GLS with a known covariance matrix, 
and estimation under linear restrictions). Let 
B= A'Y, where A is some JT Xk linear 
transformation matrix. The corresponding 
sectoral estimator is B, = A’Y,. It is clear that 
B is simply the average of the B,’s so that 
the inconsistency of B is the average of the 
B,’s inconsistencies.’ 

The results of this paper allow us to 
reevaluate the discussion of identification by 
disaggregation contained in Thomas Cooley 
and Stephen LeRoy (1981). By working 
through a specific example we can see how 
the intuition behind IBD fails. 

Consider a simple, aggregate money de- 
mand function (in deviations from means), 


(3) m=ar+e, 


where m is defined as average money bal- 
ances, m= L7_4m;/n, and n is the number 
of sectors. Let the money supply function 
follow a feedback rule of the form, 


(4) r=bm+v. 


5Although we consider only linear estimation tech- 
niques, there is no reason to believe that disaggregating 
a nonlinear macro relationship and estimating the sec- 
toral relationships would reduce the simultaneity bias. 
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To avoid the obvious simultaneity bias in 
estimating a with aggregate data, Cooley 
and LeRoy explore the possibility of estimat- 
ing (3) using sectoral money stock data. The 
demand for money in the ith sector can be 
modeled as 


(3’) m,=a,rt+e;. 


Assume that the sectoral shock e; is the sum 
of two mutually uncorrelated components: 
w, a shock common to all sectors with vari- 
ance 0, and u,, a shock specific to sector i 
and uncorrelated across sectors with variance 
c?. The inconsistency of the sectoral OLS 
estimator is (Cooley-LeRoy, p. 840) 


(5) plim(4,—a,) 
= plim(r’e,/T)/plim(r’r/T) 
= b(02+02/n)(1— ba)/(b?02 + 02). 


Cooley and LeRoy observe that the incon- 
sistency of the sectoral estimator will be small 
if there are a large number of sectors (n is 
large) and the error terms (e;) are mutually 
uncorrelated (i.e., the common factor is zero). 
Cooley and LeRoy argue that, in this par- 
ticular case, JBD will not resolve the iden- 
tification problem because money stock data 
is available for only four sectors and the 
assumption of a zero common component is 
implausible. However, their discussion leaves 
the impression that, although JBD is not 
useful in this case, it may be useful in other 
circumstances. 

The results of this paper provide a much 
stronger and more general criticism of this 
attempt at identification by disaggregation. 
It is true that if the common shock is zero 
(c2=0) and n, the number of: sectors, is 
large (holding o? constant), the incon- 
sistency of the sectoral estimator will be 
small. However, consider the inconsistency 
of the aggregate estimator 


(5) plim(4—a) 
= plim(r’e/T)/plim(r’r/T) 
= (1— ba)bo2/( bo? + 0%). 
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Recall that the aggregate shock e is the 
average of the sectoral shocks. If the number 
of sectors is large and the shocks are inde- 
pendent, the variance of the aggregate shock 
must be small. As such, the inconsistency of 
the aggregate estimator, (5), is clearly small. 
The conditions under which the inconsisten- 
cies of the sectoral estimators are small 
guarantee that the inconsistency of the ag- 
gregate estimator is small. Identification by 
disaggregation is a strategy that succeeds only 
when it is unnecessary. 
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Race, Recent Entry, and Labor Market Participation 


By EUGENE SILBERBERG* 


Economists and other social scientists have 
long noted differences in incomes and gen- 
eral labor market success between ethnic 
groups. In recent years particular attention 
has been focused on the experiences of black 
vis-a-vis white workers, with particular refer- 
ence to income differences that might be 
attributable to racial discrimination. The 
model is typically specified with a linear 
regression equation, 


(1) y=BX+yDt+u 


when y is some measure of labor market 
success, X is a vector of explanatory vari- 
ables related to productivity, with a random 
disturbance term u, and where D is a dummy 
variable for race (for example, D=1 for 
black workers). A significant negative value 
of y is taken to represent the possible ex- 
istence of labor market discrimination. Accu- 
mulated formal education, reported in census 
data, is frequently used as an explanatory 
variable in these analyses even though that 
variable is understood to be a poor proxy for 
productivity. 

It is well-known that if the mean y ob- 
servation is less for blacks than for whites, 
spurious confirmations of discrimination can 
occur if additional variables affecting pro- 
ductivity are omitted from the regression, or 
if the X variables contain measurement er- 


*Professor of Economics, University of Washington, 
Seattle, WA 98195. I am indebted to Yoram Barzel, 
Masanori Hashimoto, Levis Kochin, and an anonymous 
referee for their valuable comments, and to Joyce 
Hershberger for her insights and skill in processing the 
data. Any remaining errors are my own. 

1See, for example, Gary Becker (1957), Richard Free- 
man (1978), James Gwartney (1970), William Landes 
(1968), Finis Welch (1967, 1973). See also Leonard 
Weiss and Jeffrey Williamson (1972) and Christopher 
Jenks et al. (1972) on the effects of environmental 
variables on labor market success. 
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rors.” This paper explores two aspects of this 
issue: 1) there is a theoretical reason to be- 
lieve that new entrants to a higher-paying 
occupation will exercise their earning capaci- 
ties to a lesser extent than workers already 
familiar with the field; that is, the labor 
supply curve of new entrants is apt to be to 
the left of the supply curve of other workers; 
and 2) data and empirical analyses are pre- 
sented that confirm this theory and that cast 
serious concern,over the adequacy of various 
census-type data in investigations of labor 
market discrimination. . 


I. An Economic Theory of Differential 
Labor Supply 


A common stereotype is the observation 
by “people of wealth” that the nouveau riche 
tend to spend their money in ways which are 
considered “gauche” by the “old rich.” I 
would argue that this phenomenon is real, 
and based on positive information costs. The 
standard utility-maximum model not only 
takes prices as exogenously determined (an 
assumption maintained here), but also the 
set of goods over which the consumer 
chooses. In fact, the goods and services indi- 
viduals decide to consider purchasing de- 
pends on their previous experiences in the 
consumer goods market. People of very 
limited means will not have had much ex- 
posure to a wide variety of goods regularly 
consumed by people whose incomes are 
greater. For example, poor people on average 
will have scant experience, and therefore scant 
information about the pleasures of skiing, 
gourmet restaurants, tailor-made clothes, and 
the like. 

Following George Stigler (1961), the infor- 
mation consumers possess about goods is not 
free. It is generally acquired, in the case of 


?See Masanori Hashimoto and Levis Kochin (1980). 
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frequent and repetitively consumed goods, 
through actual purchase and experience. For 
less-frequently purchased goods such as 
automobiles, stereo or photographic equip- 
ment, etc., some time and resources will likely 
be invested. As a result, the number of goods 
consumed, as well as the levels of each good, 
will in general differ for two individuals, 
even if they have identical tastes and identi- 
cal incomes, if one of those individuals has 
“always” had the same income and the other 
person has only recently acquired that in- 
come. These two people will have different 
information on what to consume. 

The different consumption patterns of the 
above two hypothetical people are to some 
extent predictable. We should expect the per- 
son with newly acquired larger income to 
consume fewer commodities than the other 
person. Correspondingly, the observed in- 
come elasticities of the goods previously con- 
sumed should be greater, the more recent the 
larger income became available.? In particu- 
lar, one of the goods consumed by all in- 
dividuals to one-extent or another is leisure; 
the above analysis suggests that people whose 
wage rates have risen suddenly will not, on 
average, exercise that higher earning capacity 
to the extent done so by people who are more 
accustomed to that higher wage. People who 
are new to a higher-wage situation can be 
expected, on average, to consume more 
leisure than workers who have earned the 
higher wage for a longer period of time. As a 
person begins acquiring information about 
new goods due to a higher income, the num- 
ber of goods consumed will expand. The 
effect on the consumption of the previously 
consumed goods will depend on whether 
those goods are substitutes or complements 
to the new good or goods.’ Similar conclu- 


3To take an extreme example, consider the goods 
that might be consumed by children, if they suddenly 
received adult incomes. They would probably exhibit 
greater income elasticities of video games and ham- 
burgers than most adults. 

“From the consumer’s budget equation, the income 
elasticities weighted by the shares in consumption sum 
to unity: E;n; =1, where Z; = P X;,/I and y; = 
(1/X,)(0X,/9T). It follows from this simple relation- 
ship that if an additional good X,,,, is consumed, the 
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sions follow for unexpected decreases in in- 
come. The nouveau pauvre will initially con- 
sume a greater number of goods, with gener- 
ally smaller income elasticities, than in the 
longer run. Moreover, they will be less “effi- 
cient” at coping with their new income than 
those accustomed to such incomes.° 

More formally, consider the compensat- 
ed demand for some good X, denoted 
X(P,U), where P=(P,,...,P,,;) is an 
n+1 dimensional price vector, X,,..., X, rep- 
resent the original goods consumed, X,,, 
represents a composite commodity that is 
consumed after the consumer acquires infor- 
mation about its availability, price, etc., and 
U is the initial utility level. The initial situa- 
tion is where X,,,=0; X,,, is “fixed” at 
zero in the sense that this good is not at first 
even considered as a candidate for consump- 
tion by the consumer. Define the “condi- 
tional” compensated demand function for X; 
when X,,, is fixed as XPP, X,41,U), 
where the argument X,,, in this demand 
function is meant to be a constant value.® 
The fundamental relationship between the 
demand for X; when X,,, is variable as 
opposed to when it is fixed is 


(2) X(P,U)=X7""(P, X,4i(P,U),U). 


Differentiation of (2) with respect to P, 
and the utility level U yields, respectively, 


(3) AX, /AP,= ax""1/aP, 
+ (3X7 VIX, (3X1 IP) 


i=1,..., n; 


total share in the budget of the previous n commodities 
must have fallen. For this to happen, some goods must 
have become more income inelastic than previously. 
Although the shares of income spent on some particular 
good or goods may increase, the weighted income elas- 
ticities must decrease. 

5 Talmudic law in fact considers as worthy recipients 
for charity people who have suffered drastic decreases in 
income, even if their incomes remain high relative to 
their community. 

6 The concept of conditional demands was originated 
by Robert Pollak (1969). 
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(4) 0X,/aU = ax?* ou 
+ (AXP AX, .1:)(8X,41/8U) 


i=1,...,n. 


The standard LeChatelier results for these 
compensated demand functions (see my 1978 
study, ch. 9), together with (3), yield 


(5) (3X1 /3X, 1) (3X,41/9P;) 
= 9X,/dP,— aX?" /aP,<0 
i=l1,...,n. 


The two terms on the left must be of oppo- 
site sign. The sign of the term 0X,,,/0P, 
(that is identically 0X,/0P,,, for these 
compensated “cross effects”) defines whether 
the composite good X,,,, is a net substitute 
or complement to X;. If X; and X,,,, are net 
substitutes (0X,;/0P, 417 0), then 3 Xr+ 
X +1 <0, and 0X}*'/0X,,,>0 if X, and 
Xn„+1 are net complements. 

Turning now to equation (4), the term 
ôX,+ı/ 0U must initially be positive, since 
initially X,,,=0; X,,, becomes positive 
as income (and utility) increases. There- 
fore, 9X;/0U> AX}*'/dU when X, and 
X41 are net complements and 0X,/dU 
<aX}*17aU when X, and X,,, are net 
substitutes. In words, assuming no asym- 
metric income effects so that the uncompen- 
sated demands can be considered, if new 
information leads to the consumption of 
some composite good outside the original 
consumption set, then the income elasticities 
of goods which are substitutes in consump- 
tion to the composite good will fall, whereas 
the income elasticities of complements to the 
composite good will rise. 

Consider the specific good “leisure” and 
its response to a change in income in the 
above context. Consider a worker whose prior 
wage was, say, $5 per hour and who earned 
or expected to earn $10,000 per year. Sup- 
pose also that this worker lived in a neigh- 
borhood where $10,000 was a common an- 
nual income, and this person’s associates were 
earning similar amounts. Then this person 
would have perhaps good information on the 
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goods that might be consumed with $10,000 
annual income, but less or no information on 
some other goods that might be consumed 
with, say, $20,000 annual income. 

Suppose now that this person’s wage dou- 
bles to $10 per hour. Then the above analysis 
suggests that the initial consumption of 
leisure will be higher than after the passage 
of some time.’ An increase in the wage rate 
of course always, by raising the opportunity 
cost of leisure, produces a substitution effect 
away from leisure. This is offset to some 
extent by a wealth effect, leisure being a 
normal good. However, we should expect the 
wealth effect on leisure to be greater in the 
period immediately following the wage in- 
crease than after, say, a few years, when this 
person will have acquired more information 
on additional goods to consume. It is possi- 
ble that some of these goods will be comple- 
mentary to leisure, for example, a large screen 
television. Because of this, a refutable hy- 
pothesis logically implied by the utility-maxi- 
mization model is not possible. However, 
given the net tendency towards substitutes 
first outlined by John Hicks in Value and 
Capital. (1937), we should expect workers 
with a recently acquired higher wage to have 
a larger income elasticity of leisure than 
comparable workers with a longer history of 
the higher wage.” 


7For the same kinds of reasons, Armen Alchian 
(1959) proposed that costs would increase if production 
tcok place at a more rapid rate, holding the total volume 
of production constant, and that planning further into 
the future would be cost saving. Thus the temporarily 
high consumption of leisure as wage rates rise can be 
regarded as movement along a least-cost path of dy- 
namic adjustment to the higher income levels. 

SIn a two-good world consisting of the previously 
consumed goods as one composite and the new goods as 
a second composite commodity, net substitution and 
hence larger income effects on the old good is implied. 

? Reuben Gronau (1977) correctly distinguishes leisure 
from “work at home.” An increase in the market wage 
rate leads to substitution towards labor market work 
from work at home, wherezs the effect on leisure is the 
indeterminate result of an income effect and reduction 
of total time spent at home. Since the effects of work at 
home would already be well known, one would again 
expect less substitution of market work for work at 
home, when the wage rate rises, for workers for whom 
the higher market rate is “new.” This would appear in 
the data as less time spent in labor market activity for 
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Observations that might appear to con- 
tradict this theory are the “upwardly mobile” 
individuals who vigorously exercise their 
earning capacity in order to rapidly increase 
their income. These people, however, seem to 
be acting as if they had very good informa- 
tion about the benefits of higher income. The 
above analysis is most applicable when the 
increase in earning capacity is unanticipated. 
If a person has been planning for this higher 
income, then when the higher earning capac- 
ity is realized, that person’s consumption will 
more closely resemble those whose incomes 
have been at that higher level for some time, 
because more information will have been 
procured regarding the possibilities for con- 
sumption with that larger income.!® 


II. Empirical Analysis 


This theory will now be tested with data 
relating to a group of black workers for 
whom a newly acquired higher wage could 
reasonably be considered a windfall (but per- 
manent) gain. After being excluded from 
various construction unions, these workers 
were suddenly admitted to several unions in 
the Seattle area as a result of a court order. 
This group of black workers were new en- 


such workers. This observation is confirmed by the data 
in this paper, but the allocation of nonmarket time to 
leisure vs. work at home is not analyzed. In this paper, 
leisure means “nonmarket” activity. 

10The above reasoning bears a superficial resem- 
blance to that used by Milton Friedman (1957) in the 
permanent income hypothesis. The permanent income 
hypothesis asserts that people with temporarily high 
income will engage in higher savings than those with 
permanent income of the same amount, in order to even 
out their flow of consumption over time. The analysis in 
this paper, however, assumes that the earning capacities 
of the two individuals are both permanently higher. The 
difference in behavior results from the differential in- 
formation possessed by individuals whose higher wages 
are “new,” i.e., not fully anticipated, vs. those who were 
familiar with the higher wages. Thus the analogy with 
the permanent income hypothesis is somewhat faulty. 
An interesting, possibility, however, is that individuals 
faced with an unanticipated permanent wage increase 
will nonetheless anticipate that their information about 
goods will increase in the future, leading to a substitu- 
tion of saving for leisure. This would to some extent, at 
least, offset the larger income elasticity of leisure for 
these individuals. 
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trants to much higher-paying jobs than they 
were previously capable of obtaining. The 
nonblack workers, too, were obtaining train- 
ing and relatively high-wage jobs. However, 
the white workers were much more likely to 
be familiar with these crafts and the incomes 
that could be earned than that first cohort of 
black workers that was admitted to the union 
under the court order. It was common for 
the white workers to have relatives and 
friends in the union; this was in fact of some 
importance in their gaining entrance into the 
union. There was no chance, however, that 
the black workers had relatives or black 
acquaintances in these unions earning the 
high (relative to average nonagricultural 
wages) journeyman rates. It is therefore 
plausible that in the total cohort of work- 
ers indentured into these craft unions in 
the mid-1970’s, the black workers anticipated 
lower permanent incomes than the white 
workers, and were less apt to have planned 
for the higher incomes that could be 
achieved." 

Data about black and nonblack’* workers 
indentured into the plumbing and pipefitting 
trades (one union, but two distinct crafts) 
and the electricians’ union during the 1970’s 
were cbtained from the unions, employer 
groups, and apprenticeship schools. Wages 
are uniform in each craft, but income 
differences due to hours worked were ap- 
parent. Black workers worked fewer hours 
per month, on average, than their nonblack 
counterparts; the differences were statisti- 
cally significant at the .01 level of signifi- 
cance. Observations on hours worked were 
taken over the 18-month period April 1979 
through September 1980. 


Some of the rents received through membership in 
these unions would have been already dissipated by the 
resources spent to gain entrance. However, given the 
large rele played by third parties (ie. the federal 
government), it seems most plausible that union mem- 
bership conferred real gains to the new entrants. Thus 
the observed behavior is not attributable to pure sub- 
stitution effects. 

12The workers were classified as “black” and nòn- 
black in the original data. There were only a handful of 
nonwhites, mainly people of Asian descent, in the cate- 
gory “nonblacks.” 
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TABLE 1— ELECTRICIANS: MEANS AND STANDARD DEVIATIONS 


Apprentices 


Hours Worked (HOURS) 
Month/Year Born (DOB) 
Apprentice School GPA (APPGPA) 
High School GPA (GPA) 

Adverse Comments (COMMENT) 


Years of Education (YRSEDUC) 


Journeymen 
Hours Worked (HOURS) 
Quits /Discharges (QUIT/DIS) 

_ Time Between Jobs (VOLTWJOB) 
Jobs Turned Down (TURNDO WN) 
Voluntary Time Off (VOLTIMEO) 


DECEMBER 1985 
Blacks (22) Nonblacks (259) 
146.49 153.18 
(12.92) (14.17) 
52.87 $4.18 
(3.56) (3.22) 
79.73 88.29 
(5.11) (4.84) 
2.14 2.64 
(0.53) : (0.56) 
0.59 0.26 
(0.50) . (0.44) 
12.76 13.14 
(1.06) (1.32) 
Blacks (48) Nonblacks (64) 
138.93 148.58 
(24.55) (19.77) 
2.14 0.52 
(2.68) (0.91) 
11.10 3.55 
(20.03) (12.30) 
4.35 1.61 
(7.39) (5.91) 
0.45 - 0.27 
(0.42) (0.41) 


Notes: COMMENT: Dummy variable indicating that an apprentice had received an 
unfavorable evaluation by job foreman or supervisor, 18-month period; QUIT/DIS: 
Number of times in 18-month period a journeyman quit or was fired from job; 
VOLTWIJOB: Interval (days) between termination of one job and sign-up at union hall 
for new job; TURNDOWN: Number of jobs voluntarily refused by journeyman; 
VOLTIMEO: Hours lost due to leaving job site early. 


A. Electricians 


The data available for the electricians are 
shown in Table 1. Differences in the means 
of these variables, for black and nonblack 
workers, are apparent by inspection; they are 
all in fact different at the 5 percent level of 
significance. 

A regression using just the data on formal 
education produced (in all regression equa- 
tions, y denotes hours. worked per month; 
D =1 for blacks) 


y =153.17+2.89GPA —0.59YRSEDUC 
(1.80)  (—0.862) 


—5.23D 


(1.615) R? = .04 


Ignoring the insignificant years of education 


variable, grade point average (GPA) did show 
a positive and significant coefficient, but only 
1.5 hours per month were attributable to this’ 
variable. The largest “explanation” was the 
dummy variable for race, significant at just 
over the 5 percent level, and accounting for 
5.23 hours per month difference in hours 
worked between blacks and nonblacks. Taken 
at face value, the above regression would 
confirm the presence of racial discrimination 
for these workers. However, the question re- 
mains: do data on formal education, GPA, 
and length of schooling adequately measure 
productivity, or are the results simply due to 
the use of poor proxies? 

The importance of the race variable 
changed dramatically when variables more 
directly related than formal education to job 
training and performance were used in the 
regressions. Using these variables, typical re- 
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sults were: 
Apprentices: 
y =116.72 —.05RACE —.34DOB 
(5.86) (.02) (—1.35) 
+.664PPGPA —4.41COMMENTS 
(3.92) (—2.42) 
R? = 08 
Journeymen: 


y =152.03 +.04RACE —4.41QUITS/DIS 


(61.08) (.01) (—4.42) 
~ .33VOLTWJOB R? =.25 
(2.81) 


For the apprentice electricians, the race var- 
iable became insignificant (8 = —1.06, t= 
— .31) just by substituting the apprenticeship 
grades (APPGPA) for high school grades 
(GPA). With this one variable, 84 percent of 
the difference in hours worked by blacks vs. 
nonblacks was explained. This would seem 
to confirm the hypothesis that bad measure- 
ment of potential productivity rather than 
discrimination is the source of some of the 
observed differences by race in labor market 
success. The most dramatic variable in the 
raw data for the journeyman electricians was 
the observed difference in the interval be- 
tween termination from one job and signing 
up for work at the union hall (VOLTWJOB): 
11.10 days for blacks vs. 3.55 days for non- 
blacks; this variable accounted for a dif- 
ference of 2.49 hours worked per month. The 
combined effects of quitting and being dis- 
charged (almost exclusively for tardiness and 
absence) had the largest impact. These vari- 
ables seem to reflect different supply re- 
sponses on the part of those two groups of 
workers. 


B. Plumbers and Pipefitters 
A more elaborate set of data were avail- 


able for the plumbing and pipefitting trades. 


although these two trades are organized in one 
union in Seattle, they are distinct crafts, with separate 
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Data on the plumbers and pipefitters came 
from two sources, the Joint Apprenticeship 
and Training Council (JATC) which runs the 
apprenticeship training program, and the 
union itself. During apprenticeship, workers 
must attend two three-hour evening classes 
per week for four years. The apprentices 
encounter about two dozen separate instruc- 
tors, whose salaries are paid by the state. 
These school records were obtained for each 
worker, journeyman as well as for individu- 
als who were apprentices during the sample 
period. 

From these records the average number of 
absences from apprenticeship school per year 
and a grade point average were obtained. 
Also, during the apprenticeship period, fore- 
men or supervisors on the job make regular 
evaluations of each worker, and rate the 
employees as poor, fair, good, very good, or 
excellent. By scaling the latter categories from 
zero to 4, an “on-the-job GPA” (OTJGPA) 
was constructed for each individual. In this 
sample, approximately 250 separate foremen 
and supervisors were involved with these 
evaluations. Additionally, the number of 
times the employer indicated that an individ- 
ual was “terminated for cause,” that is, 
terminated for reasons other than reduction 
in force due to completion of a job, was 
noted. The “causes,” as in the electrical trade, 
almost invariably were absences and tardi- 
ness. 

Additional variables were obtained from 
the union. Jobs are dispatched from this 
local by telephone. When a job comes in 
(usually early in the morning) the dispatcher 
starts at the top of the out-of-work list and 
telephones each worker in the order they 
appear on the list. Notation is made if there 
is no response to the call, or if the job is 
turned down. A worker may freely turn down 
two jobs, but after three turndowns, he or 
she moves to the bottom of the list. Also 
noted on these work cards are the times an 





dispatch procedures. Plumbers generally work in small 
groups (two or three is typical even on large commercial 
jobs) whereas pipefitters (also called “steamfitters” by 
some employers) work in large groups often numbering 
in the hundreds, such as on nuclear power plants. 
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TABLE 2—PLUMBERS AND PIPEFITTERS: MEANS AND STANDARD DEVIATIONS 


Pipefitter Pipefitter 
Apprentices Yourneymen 
Blacks (12) Whites (31) Blacks (26) Whites (12) 
Hours Worked 135.54 154.14 133.78 151.18. 
(HOURS) (29.11) (16.82) (26.96) (12.57) 
Class Absences 4.46 2.84 6.40 3.82 
(ABSENCE) (3.66) (5.84) (5.23) (2.32) 
Class GPA (GPA) í 2.48 3.13 2.35 2.95 
(0.62) (0.49) (0.59) (0.45) 
On-the-Job GPA 2.46 3.09 2.69 2.88 
(OTJGPA) (0.56) (0.43) (0.67) (0.38) 
Quits /No Rehire 0.17 0.10 0.58 0.17 
(QUITNOREHIRE) y (0.58) (0.54) (1.06) (0.58) 
Area Preference 2 0.17 0.03 0.38 0.33 
(AREACODE) =, (0.39) (0.18) (0.50) (0.49) 
Termination for f 1.92 0.26 1.08 0.67 
Cause (TERMCA USE) ! (3.34) (0.58) (2.37) (1.30) 
Nonresponse to Job 0.58 0.32 5.04 1.92 
Call (NORESP) ` (1.16) (1.47) (8.20) (3.09) 
~ Plumber e Plumber « 
Į Apprentices Journeymen 
Blacks (19) Whites (46) Blacks (18) Whites (9) 
Hours Worked 137.89 151.90 128.46 153.08 
(HOURS) (22.49) (11.54) (27.37) (17.37) 
Class Absences 5.69 2.06 i 5.72 3.42 
(ABSENCE) (5.17) (1.71) (4.72) (2.64) 
Class GPA (GPA) 2.00 2.78 2.08 3.20 
(0.56) (0.62) (0.56) (0.45) 
` On-the-Job GPA 2.53 2.96 2.60 3.29 
(OTIGPA) (0.42) (0.62) (0.53) (0.35) 
Quits/No Rehire 0.21 0.0 0.78 0.2. 
(QUITNOREHTRE) (.535) (0.0) (1.40) (0.44) 
Area Preference 0.21 0.87 0.50 0.33 
(AREACODE) (0.42) (0.35) (0.51) (0.50) 
Termination for 0.84 0.30 0.78 
Cause (TERMCA USE) (1.50) (0.87) (1.52) (0.0) 
Nonresponse to Job 0.68 0.0 2.22 0.56 
Call (NORESP) (1.20) (0.0) (3.41) (1.67) 


Notes: Hours Worked (HOURS) = average number of hours worked per month, 18-month period; Class Absences 
(ABSENCE) = average days per year absent from apprenticeship classes; On-the-Job GPA (OTJGPA) = average 
grades received from supervisors during apprenticeship on-the-job training; Quits/No Rehire (QUITNOREHIRE) = 
number of times voluntarily quit a job and/or number of “not eligible for rehire” entries upon termination from a 
job, 18-month period; Area Preference (AREACODE) = zero, will work anywhere; one, work only in King County; 
two, work only in eastern Washington; Termination for Cause (TERMCA USE) = number of times terminated from 
job for reason other than rotation or end of job during apprenticeship training; Nomresponse to Job Call 
(NORESP) = number of times did not respond to a call for dispatch to a job, 18-month period; Class GPA 
(GPA) = average grade point received from apprenticeship classes completed. 


employee quit a job or was listed by the 
employer as “not eligible for rehire.” Ad- 
ditionally, an area preference code was noted. 
Workers are allowed, without penalty, to in- 
dicate a preference for not traveling out of 
the immediate metropolitan area for a job. 


The mean values and standard deviations 
(in parentheses) for each of these variables 
for plumbers and pipefitters, apprentices and 
journeymen are displayed in Table 2 for 
black and nonblack workers. It is apparent 
by inspection that the black and nonblack 
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TABLE 3— DEPENDENT VARIABLE: HOURS PER MONTH 

Employee 

Group Constant RACE ABSENCES OTIGPA R? 

Apprentice 131.58 082 — 2.833 8.816 .583 
Plumbers (16.76) (.024) (— 6.264) (3.543) 

Journeyman 76.43 — 3.947 —1.571 24.931 .410 
Plumbers (2.40) (—.405) (—1.514) (2.776) 

Apprentice 100.18 — 5.443 —.970 18.377 .299 
Pipefitters (5.11) (—.727) (~1.773) (2.953) 

Journeyman 134.62 —11.106 —1.861 8.237 249 
Pipefitters (6.63) (— 1.438) (—2.244) (1.310) 

NONRESPONSE 

Apprentice 130.60 .932 — 2.562 8.959 —2.595 .584 
Plumbers (16.54) (269) (— 4.947) (3.600) (—1.072) 

Journeyman 88.22 —2.573 -1.217 21.444 — 2.744 539 
Plumbers (2.92) (—.283) (— 1.238) (2.510) (—2.103) 

Apprentice 105.12 — 6.033 —.889 16.891 —1.829 .293 
Pipefitters (5.11) (—.799) (— 1.594) (2.598) (—.825) 

Journeyman 146.91 — 6.009 —1.249 4.711 — 2.343 .688 
Pipefitters (11.12) (—1.195) (—2.307) (1.154) (— 6.992) 


Note: The t-statistics are shown in parentheses. 


workers differed in these attributes. In gen- 
eral, the nonblack workers performed at 
higher levels in the apprenticeship program, 
with respect to both skill acquisition and 
motivational factors such as class attendance 
and absences on the job; however, not all of 
these differences were statistically significant 
in pairwise comparisons by race.‘ Employer 
evaluations were on average higher for the 
nonblacks though these means obscure some 
very high marks given to many black workers. 

When these variables were used, the dif- 
ferences in hours worked per month that 
were attributable to the dummy variable for 
race (RACE) became insignificant. Typical 
regressions are presented in Table 3.5 Ab- 


14The variables for which the means by race are 
significantly different at the 5 percent level are: 1) 
Pipefitter Apprentices: On-the-Job GPA, Quits/No Re- 
hire, Termination for Cause, and (Apprentice) Class 
GPA; 2) Pipefitter Journeymen: Class Absences, No 
Response to Job Call, Class GPA; Quit/No Rehire 
Significant and just over 5 percent; 3) Plumber Ap- 
prentices: All variables except Termination for Cause, 
which was significant at 10 percent; 4) Plumber Jour- 
neymen: On-the-Job GPA, Class GPA; Class Absences, 
Termination for Cause, and No Response to Job Call 
significant at 10 percent. 

15 The variables in Table 2 were correlated with each 
other in predictable ways, producing some minor multi- 


sences (from apprentice school) alone ex- 
plained all significant differences in hours 
worked per month between the black and 
nonblack plumber apprentices, and RACE 
became insignificant at 5 percent for all four 
groups with the addition of apprentice school 
grades (GPA). The inclusion of OTJGPA 
improved the regressions further. The NO- 
RESPONSE variable was particularly sig- 
nificant in the regression for the journeyman 
pipefitters—the simple correlation between 
this variable and hours worked was .809 for 
the black journeyman pipefitters.!¢ 


collinearity problems in the regression results. In gen- 
eral, apprenticeship school grades (GPA) were corre- 
lated with On-the-Job GPA (OTJGPA), and both were 
negatively correlated with absences in apprenticeship 
school. These correlations were in general significant at 
the 5 percent level. Terminations for cause were simi- 
larly correlated in the obvious ways with apprentice 
school performance. 

16No responses” accounts for a difference of 7.31 
hours worked between black and nonblack journeyman 
pipefitters. One might be tempted to question whether 
these dispatch phone calls were done without regard to 
race. In fact it would be difficult to discriminate in that 
fashion over an 18-month period, the time of this sam- 
ple. The union keeps the work cards for public viewing 
by the journeymen; such a policy would be easily de- 
tected by observing the places on the list from which the 
workers were dispatched. 
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Tl. Conclusions 


The data and regressions for the workers 
in this sample show behavioral differences 
not easily explainable on the basis of 
census-type data. Sociologists use the phrase 
“socialization” to refer to the process of 
adapting to the norms of some environment. 
The theory presented here perhaps explains 
part of this socialization process. It shows 
why relatively more leisure will be consumed 
by workers new to a higher wage environ- 
ment: in this case, workers who for the first 
time were admitted to craft unions. The ad- 
justment process described earlier explains in 
a refutable way the appearance in the data of 
differences in behavior such as in attendance 
in apprentice school, in the time to sign the 
“out-of-work” list for new jobs, or, on a 
more elementary level, in quits and dis- 
charges for tardiness or absences. These ac- 
tions, all apparently voluntary on the part of 
individuals, may, in other samples, explain 
part or all of the observed differences by race 
in labor market performance. 

It is possible, of course, that any particular 
observed difference between black and non- 
black workers, for example, differences in 
education reported by the U.S. Census 
Bureau, or in some of the variables noted 
above, are due to either real or perceived 
discriminatory treatment of blacks. That is, 
poorer evaluations in school or on the job 
can be attributed to a hostile environment 
for blacks that lowered the real wage to those 
workers. However, it is difficult to imagine 
an experiment that would render such a hy- 
pothesis falsifiable. Absent specific evidence, 
and given the number of individuals in- 
volved in the various evaluations used in the 
data in this paper, this interpretation has 
been heavily discounted, since all observed 
differences by race would thereby automati- 
cally be evidence of discrimination. Given 
that economic theory suggests that, under 
the test conditions apparent in this experi- 
ment, such behavioral differences are to be 
expected, it is more reasonable to regard 
these results as confirmation of that theory 
rather than of capricious (and pervasive) dis- 
crimination. 
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Testing Noncooperative Bargaining Theory: 
A Preliminary Study 


By K. BINMORE, A. SHAKED, AND J. SUTTON* 


Bargaining theory has received much at- 
tention of late. There has also been a grow- 
ing interest in experimental work on bargain- 
ing, notably by Reinhard Selten (1978), and 
by Alvin Roth, M. Malouf, and J. Murnighan 
(1981). This work confirms a view that is 
common among social psychologists: namely, 
that subjects tend to seek a “fair” outcome 
to bargaining problems. The thrust of the 

inquiry is then to determine what the sub- 
jects will regard as fair in a given situation. 

A tension exists between this work and the 
theoretical approach revitalized by Ariel Ru- 
binstein (1982). (See also Binmore, 1982, 
1983; Shaked and Sutton, 1984.) This new 
approach involves modeling the process of 
offer and counteroffer by means of which 
agreement can be reached, as a formal non- 
cooperative game; and studying agreements 
that can be sustained as equilibria of this 
game. 

The tension is sharply illustrated by 
a recent experimental study of W. Güth, R. 
Schmittberger, and B. Schwarze (1982). (See 
also Giith, 1983.) Two subjects have to 
divide a sum of money (the “cake”), using 
the following primitive procedure: Player 1 
makes a demand, which Player 2 can then 
accept or refuse. This concludes the game. If 
the demand is refused, both players receive 
nothing. A strategic analysis assigns all (or 
nearly all) of the cake to Player 1, but experi- 
ments show that a much “fairer” division is 
usual. 


*London School of Economics, Houghton St., Lon- 
don WC2A 2AE, UK. We gratefully acknowledge the 
financial support of the International Centre for Eco- 
nomics and Related Disciplines (Suntory-Toyota 
Foundation), and the hospitality of the Psychology De- 
partment at LSE, where our experimental work was 
conducted, under the immediate supervision of Yasmin 
Batliwala, Mimi Bell, and Maria Herrero. We also thank 
Werner Gith, Alvin Roth, and particularly Reinhard 
Selten for comments on an early draft. 


The work of Gith et al. seems to preclude 
a predictive role for game theory insofar as 
bargaining behavior is concerned. Our pur- 
pose in this note is to report briefly on an 
experiment that shows that this conclusion is 
unwarranted. (Only the briefest account of 
the experiment is offered here; for a full 
account, see our 1984 paper.) 

This does not mean that our results are 
inconsistent with those of Giith et al. Under 
similar conditions, we obtain similar results. 
Moreover, our full results would seem to 
refute the more obvious rationalizations of 
the behavior observed by Güth et al. as 
“optimising with complex motivations.” In- 
stead, our results indicate that this behavior 
is not stable in the sense that it can be easily 
displaced by simple optimizing behavior, 
once small changes are made in the playing 
conditions. 


I. The Experiment 


In the present work, we went beyond the 
one-stage “ultimatum” game of Güth et al. 
and examined a two-stage game, as follows: 

Stage I: The cake is of size 100 pence. 
Player 1 makes a proposal (X); Player 2 
accepts (1 receives X, 2 receives 100 ~ X) or 


rejects (game continues). 
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Stage II: The cake is of size 25 pence. 
Player 2 makes a proposal (X^); Player 1 
accepts (1 receives X’, 2 receives 25— X’) or 
rejects (1 receives 0, 2 receives 0). 

A game-theoretic analysis. requires that 
Player 1 makes an opening demand in the. 
range 74-76 pence, and Player 2 accepts any 
opening demand of 74 pence or less (for he 
cannot do better by refusing, even if he 
obtains the entire cake in the second stage). 


1See fn. 2 below. 
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FIGURE 1. OPENING DEMANDS FOR MAIN RESULTS 


We studied the game, using subjects who 
were isolated from each other, and who com- 
municated their decisions via linked micro- 
computers. Following lengthy pilot studies, 
in which we solicited players’ comments after 
they had played the game, we decided to 
extend the design, as follows. We invited the 
subject who had filled the role of Player 2 to 
play the game again, but this time he would 
fill the role of Player 1. We recorded only 
his opening demand in this second game 
(Game B). 


H. The Results 


We focus here on the main features of 
interest. The opening demands made in Game 
A and Game B, respectively, are shown in 
the histograms in Figure 1. They exhibit a 
marked change of behavior between Game A 
and. Game B. A tendency to “play fair” in 
Game A becomes a strong tendency to play 
“like a game theorist” in-Game B. 

This marked change in behavior con- 
stitutes the first of the two main findings of 
the present study. The null hypothesis is that 
the opening demands in each game are drawn 
from the same population and is rejected at 
the 0.1 percent level (Kolmogoroff-Smirnoff 
two-tailed test). 

Focusing on those subjects who filled the 
role of Player 2 in Game A, we looked at the 


TABLE 1 
: Response to High Opening Demands 
Baas (63 <a<77)in Game A 
in Game B No Vag 
b<62 \(F) 2 
b263 2 116) 


subsample who faced a “high” demand in 
that game. A fair player would reject a high 
demand, and would not himself make a high 
demand (when offered the chance to act as 
Player 1, in Game B). The results (shown in 
Table 1) indicate little support for the view 
that a substantial proportion of the population 
are “fairmen” as opposed to “gamesmen.” 
The table shows the relationship between a 
subject’s response to the opening demand 
made of him in Game A, and the opening 
demand which he later makes when acting as 
Player 1 in Game B. Cell G denotes Games- 
men, cell F denotes Fairmen. We chose 
the midpoint between 50 and 75 as our di- 
viding line between low and high demands. 
The table refers only to the subsample of 
our population who faced high demands in 
Game A. 

What, then, of the players who filled the 
role of Player 1 in Game A, and who ex- 
hibited a marked tendency to make fair de- 
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mands? While we have considered various 
possible explanations, the interpretation that 
we favor is this: subjects, faced with a new 
problem, simply choose “equal division” as 
an “obvious” and “acceptable” compromise 
—an idea familiar from the seminal work of 
Thomas Schelling (1960). We suspect, on the 
basis of the present experiments, that such 
considerations are easily displaced by calcu- 
lations of strategic advantage, once players 
fully appreciate the structure of the game. 
Finally, it is important to note that Guth 
et al. did in fact study subjects playing the 
one-stage ultimatum game for a second time, 
without observing any marked change in be- 
havior.” Thus, it is not only this feature 
which distinguishes our results from theirs. 
. The key feature to note, in this respect, is 
that responses to opening demands in Game A 
were strongly biased in favor of “rational- 
ity.” (Of 22 opening demands in the range 
63 <a<77, only 3 were rejected.) On the 
other hand, at the second stage of Game A 
—following a refusal at the first stage—sub- 
jects showed a strong tendency to reject high 
demands (as in the study of Güth et al). 
Our suspicion is that the one-stage ultima- 
tum game is a rather special case, from which 
it is dangerous to draw general conclusions. 
In the ultimatum game, the first player might 
be dissuaded from making an opening de- 
mand at, or close to, the “optimum” level, 
because his opponent would then incur a 
negligible cost in making an “irrational” re- 
jection. In the two-stage game, these consid- 
erations are postponed to the second stage, 
and so their impact is attenuated.’ 


? Opening demands were slightly higher, and refusals 
of these demands more frequent. 

3There remains the possibility that the difference 
between our results and those of Gith et al. might be 
traced to differences in the experimental environment 
rather than to differences in the game played. Gith et al. 
operated in an open environment within which subjects 
could see each other (although the identity of their 
current opponent was, of course, a secret). Our assistant, 
Yasmin Batliwala, has run a controlled experiment to 
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check for this possibility (which will be reported sep- 
arately). Replicating our experimental conditions, she 
compared the behavior of subjects playing our two-stage 
game with that of a control group playing the one-stage 
ultimatum game. Broadly, the results confirmed our 
present interpretation. Behavior in the two-stage game 
was similar to that reported in this paper. Behavior in 
the one-stage ultimatum game was consistent with the 
observations of Güth et al. in that game theory was a 
poor predictor of outcomes. ` 


Did the United States Transmit the Great Depression 
to the Rest of the World? 


By GERTRUD M. FREMLING* 


This paper challenges the commonly 
held belief that the Great Depression was 
transmitted from the United States to the 
rest of the world. The well-known argument 
by Milton Friedman and Anna Schwartz 
(1963) is used as the reference point. I argue 
that their description, although intuitively 
plausible, does not correspond well with the 
data. 

During the depression years and after- 
wards there was an extensive analysis of the 
international financial situation. A compre- 
hensive analysis was provided by Ragnar 
Nurkse (1944). Earlier writings do not in 
particular indict the United States, but rather 
also blame France and several other coun- 
tries for the financial crisis.! Recent litera- 
ture that deemphasize the role of the United 
States include Peter Temin (1976) and Knut 
Borchardt (1982). Friedman and Schwartz 
do not get into any lengthy international 
analysis, yet draw far-reaching conclusions 
‘about the United States and the rest of the 
world. 

This paper does not attempt to estimate 
the relative roles of French gold accumula- 
tions, the illiquidity of loans to Germany, the 
Austrian banking crisis, the British deval- 
uation, etc. Rather the analysis is confined to 
evaluating whether the United States trans- 
mitted the depression to the rest of the world 
through the channels discussed by Friedman 
and Schwartz. 


*Assistant Professor, University of Houston, Univer- 
sity Park, TX 77004. I am grateful to Michael Darby, 
Paul Evans, and an anonymous referee for useful com- 
ments and suggestions. I also thank Lutz Spannagel, my 
research assistant, for double checking all calculations. 

lFor a sharp and thought-provoking criticism of 
French financial policies, see Paul Einzig (1932a, b; 
1935; 1937). 
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I. The Friedman-Schwartz Argument, and 
How It Can Be Evaluated 


In their study (pp. 360-61), Friedman and 
Schwartz refer to several facts as evidence 
that, during the period August 1929 to 
August 1931, the United States transmitted 
the depression to the rest of the world. They 
refer to U.S. gold stocks, the flow of gold, 
whether the United States adhered to gold 
standard rules, and to the balance of pay- 
ments. 

The inflow of gold to the United States, 
the increase of U.S. gold stocks ( = reserves?), 
and the deviation from gold standard rules 
are taken to imply that other countries were 
being forced to adapt to U.S. monetary 
policies. Apparently, Friedman and Schwartz 
believe that the United States exported the 
depression by lowering reserves in the rest of 
the world, leading to contractions of the 
money stock elsewhere. To evaluate this re- 
serve argument, it is however necessary to 
study the data for the rest of the world, not 
—as Friedman and Schwartz do—merely for 
the United States. The test should be whether 
the rest of the world as a whole experienced 
a fall in gold reserves (alternatively, all inter- 
national reserves including other foreign re- 
serves). Gold flows to the United States, or 
increases in U.S. gold reserves, do not neces- 
sarily imply falling gold reserves elsewhere, 
since mining of gold as well as conversion of 
existing private gold stocks into currency can 
increase total world reserves.” Section II will 


2Gold flows generally do not equal changes in gold 
reserves, because gold flows measure movements of gold 
between countries not only of reserves, but also of 
private gold stocks. Further, changes in reserves include 
changes due to domestic redemption/minting, as well as 
international reserve flows. An outflow of gold from the 
rest of the world to the United States is therefore not 
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evaluate the correctness of the reserve argu- 
ment. It will also discuss the related question 
of whether the United States followed gold 
standard rules to a smaller or greater extent 
than the rest of the world.’ 

There are two ways the U.S. balance of 
payments can affect the rest of the world: 
through reserves, and through real variables. 
For a surplus country, reserves are flowing 
in, draining reserves from other countries. 
The reserve question is, however, treated sep- 
arately here. It is not clear whether Friedman 
and Schwartz are concerned solely with the 
influence through reserves, or also regard the 
direct real effect as important. Since the real 
effect, however, is a generally recognized 
mechanism, I also analyze this channel. By 
definition, the balance of trade, exports minus 
imports (which due mainly to the capital 
account does not equal the balance of pay- 
ments), always equals the negative of the 
balance of trade for the rest of the world. 
Since it is a component of GNP, an increase 
in the U.S. trade surplus (or alternatively a 
decrease in the trade deficit) would have a 
restrictive influence. Such a scenario could 
occur if the depression originated in the 
United States. If income in the United States 
fell, imports would go down, and the lowered 
prices would stimulate exports. Notice that 
the issue is not whether the United States has 
a trade surplus, or trade deficit, or whether 
that surplus or deficit is large in absolute 
terms. A constant surplus, for instance, would 
fail to generate a swing in aggregate demand. 
Instead, the surplus or deficit must be related 
to surpluses or deficits in previous years. If 


inconsistent with increasing reserves abroad. According 
to the League of Nations Statistical Yearbook data, the 
gold inflow (available yearly only) to the United States 
was $120 million in 1929 and $278 million in 1930. 
Friedman and Schwartz avoid applying their gold flow 
argument to the years 1927, 1928, and 1931, during 
which there were outflows of gold (1927, $154 million; 
1928, $272 million; 1932, $176 million). Had they done 
so, they could have concluded that Germany (whose 
depression started about a year earlier than in the 
United States) exported the depression to the United 
States, because it had a large gold inflow in 1928. 

3 Whether a country follows the rules is not by itself a 
criterion for evaluating whether a depression was ex- 
ported or imported. 
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the United States did transmit the depression 
to the rest of the world through the balance 
of trade, we should see a substantial “im- 
provement” in the balance of trade. The 
evidence is evaluated in Section III. 


Il. Evidence on Gold Reserves 


According to data from the Federal Re- 
serve Bulletin, June 1933, gold reserves in the 
rest of the world increased during the first 
two years of the depression, which is con- 
tradictory to the Friedman-Schwartz argu- 
ment. For the period chosen by Friedman 
and Schwartz, the end of August 1929 to the 
end of August 1931, U.S. reserves increased 
from $3.995 billion to $4.632 billion; and 
total reserves for the world (fifty countries) 
increased from $10.250 billion to $11.297 
billion. Hence, gold reserves outside the 
United States increased from $6.255 billion 
to $6.665 billion. 

Further, this result is not sensitive to slight 
alterations in the time period considered. 
Calculations for each month between August 
1929 to August 1931 reveal that there were 
only a few short periods during which gold 
reserves outside of the United States de- 
clined: March and April 1930, and Janu- 
ary 1931. These declines were rather minor. 
The period August 1929 to August 1931 is 
actually more favorable to the Friedman- 
Schwartz argument than many other possible 
time periods. Between these dates, U.S. gold 
reserves were at least growing at a faster rate 
than gold reserves in the rest of the world, 
which was not the general trend. Using 
Federal Reserve data, Charles Hardy (1936, 
p. 93) calculated the shares of world gold 
reserves in the United States and in other 
countries. His table reveals that between De- 
cember 1929 and December 1931, the U.S. 
share declined from 37.8 to 35.9 percent. A 
longer time span, December 1927 to Decem- 


‘Equal falls in exports and imports could possibly 
also have macroeconomic effects. Even though aggregate 
demand would not be directly affected, relative changes 
in the demand for different goods could conceivably 
affect total output in other countries. 
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ber 1933, shows an even greater decline: 
from 41.6 to 33.6 percent. 

One might argue that since many central 
banks held foreign reserves (mostly balances 
with the Federal Reserve or the Bank of 
England), the measure should include for- 
eign reserves in addition to gold. This is not 
obvious, however, since what is a foreign 
reserve asset for one country is an equally 
sized liability for another country. Under a 
gold standard the balances could be re- 
deemed for gold, and the reserve countries 
would therefore need larger gold reserves in 
case of withdrawals. It turns out that for the 
period August 1929 to August 1931, the 
treatment of foreign reserves makes little dif- 
ference. For twenty-eight countries (outside 
of the United States and the United King- 
dom, which were the reserve centers), the 
value of foreign reserves decreased from 
$2.782 billion to $2.559 billion, or by $.223 
billion. Since this is less than the $.410 bil- 
lion increase of gold reserves outside the 
United States, I still reach the same conclu- 
sion, that reserves in the rest of the world 
were increasing. 

Even though it was shown above that the 
reserves in the rest of the world did not fall, 
the United States could be criticized for its 
policies if it was found that the Federal 
Reserve did not follow the “gold standard 
rules.” Friedman and Schwartz claim that 
the United States not only violated these 
rules, but even went beyond 100 percent 
sterilization of gold flows: °“our money stock 


5 Data on foreign assets were taken from the Monthly 
Bulletin of Statistics, various issues. Exchange rate data 
came from this source as well as from Banking and 
Monetary Statistics 1914~1941 by the Federal Reserve. 
The 28 countries are: Albania, Austria, Belgium, 
Bulgaria, Canada, Chile, Czechoslovakia, Denmark, 
Egypt, Estonia, Finland, France, Germany, Greece, 
Hungary, India, Italy, Latvia, Lithuania, the Nether- 
lands, Norway, Peru, Poland, Rumania, South Africa, 
Spain, Sweden, and Switzerland. 

éIf a central bank sterilizes reserve flows, domestic 
credit is decreased when reserves go up, and the inflow 
of reserves is prevented from increasing high-powered 
money by the full amount of the inflow. Since the 
money stock does not increase as much as otherwise 
(and prices do not adjust upwards as rapidly), the inflow 
of reserves may continue for an extended period. Sterili- 
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moved perversely, going down as the gold 
stock went up” (p. 361). While their state- 
ment regarding gold reserves and M1 is cor- 
rect, they make the mistake of applying to- 
day’s concept to earlier periods. The gold 
standard rules had no bearing on deposits in 
commercial banks, the main component of 
M1. The M1 measure was not a standard 
concept in those days, and “currency” and 
“credit” were usually referred to separately. 
For most nations, monthly data on currency 
were available, but information on credit was 
sketchy. In an evaluation, currency or high- 
powered money ought to be used.” It is true 
that while gold reserves increased by 15.9 
percent, the currency stock only increased by 
4.0 percent.’ This does represent substantial 
sterilization since the absolute increase in 
currency (.193 billion) was less than the ab- 
solute increase in reserves (.637 billion).!° 
Yet, these figures do not appear as strikingly 
bad when compared to the rest of the world. 
As an aggregate, it went beyond 100 percent 
sterilization: gold reserves increased by 6.6 
percent, and currency stocks decreased by 
4.5 percent.!!!23 Hence, I conclude that the 





zation by surplus countries can therefore cause pro- 
longed drains of reserves from deficit countries. 

7To follow the gold standard rules (often referred to 
as “the rules of the game”), it was required that a 
central bank increase its domestic assets when there was 
an inflow of gold, and decrease its domestic assets when 
there was an outflow. This would thus be the “opposite” 
of sterilization. A “strong” version of the rules required 
that the change in domestic assets be large enough to 
keep constant the “gold-reserve ratio” (alternatively de- 
fined as gold to currency ratio, gold to credit base ratio, 
or gold to liability ratio). For a discussion of the rules, 
see Nurkse (pp. 66-67) and Kenneth Dam (1982, pp. 
17-18). 1 

Sinc figures for high-powered money are not avail- 
able for most nations besides the United States, I report 
the currency stock figures. 

°Using the figures in Friedman and Schwartz (Table 
A-1, col. (1), plus Table A-2, col. (1)). High-powered 
money increased by 3.1 percent (from Table B-3, 
col. (1). 

10 High-powered money increased by .220 billion. 

11 Nurkse discusses the problem of worldwide sterili- 
zation during the interwar period. In his table on p. 69, 
which comprises 26 countries, he shows that sterilization 
was actually the most common behavior. 

12 The gold figures are the ones mentioned earlier in 
the text, based on the Federal Reserve Bulletin, June 
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United States did not violate the gold stan- 
dard rules—as defined in those days—to 
any greater extent than most nations. The 


U.S. money stock—as defined by M1— 


moving perversely from August 1929 to 
August 1931 should not be blamed on 
abnormal sterilization policies, but rather on 
changes in the money multiplier.!4 


TII. Evidence on the Balance of Trade 


Did the U.S. balance of trade “improve” 
during 1929-31? The figures for exports 
minus imports are:5 1929: +$842 million, 
1930: +$782 million, 1931: +$334 million. 
. Since the U.S. balance of trade showed a 
surplus every year in the preceding ten-year 
period, with an average of + $1,380 million 
per year,!® the United States cannot possibly 
have generated a downswing in the rest of 
the world through the balance of trade. 

It could be argued that the quantities of 
exports and imports are more relevant ‘than 
their values. Using quantities does however 
not change the results much. From 1928 to 
1931, the export quantity index went down 
by 31 percent, and the import quantity index 


1933, subtracting U.S. figures from the world total._Data 
on currency stocks in 33 countries were taken from the 
League of Nations Monthly Bulletin of Statistics. To 
derive a rest-of-the-world aggregate currency stock, I 
multiplied each nation’s currency stock with the ap- 
propriate exchange rate. Data on exchange rates for the 
two dates were found in the last mentioned source 
combined with Banking and Monetary Statistics 1914- 
1941. The 33 countries are: Australia, Argentina, Austria, 
Belgium, Brazil, Bulgaria, Canada, Chile, Czechoslo- 
vakia, Denmark, Egypt, Finland, France, Germany, 
Greece, Hungary, India, Italy, Japan, the Netherlands, 
Norway, New Zealand, Peru, Poland, Portugal, 
Rumania, South Africa, Spain, Sweden, Switzerland, the 
U.K. , Uruguay, and Yugoslavia. 

13 Gold plus foreign reserves increased by less, 2.1 
percent. 

MAccording to the series presented in Friedman and 
Schwartz (Appendix B, Table B-3), the ratio of deposits 
to bank reserves fell from 13.09 to 11.69, and the ratio 
of deposits to currency held by the public from 10.81 
to 8.95. 

According to the Census Bureau, Historical Statis- 
tics of the United States, Series U14. 

16The figures immediately preceding the depeson 
are slightly lower: 1928: +1,037 million, 1927: +681 
million. 
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went down by 15 percent.” Taking a longer 
period, 1919 to 1931, gives a decline in the 
quantity of exports by 26. percent, and an 
increase in the quantity of imports by 20 
percent. 


IV. Conclusions 


Analysis of data on countries other than 
the United States contradicts the hypothesis 
that the Great Depression was transmitted 
from the United States to the rest of the 
world during August 1929-August 1931 
through the mechanism mentioned by Fried- 
man and Schwartz. The figures also show 
that the United States did not deviate more ` 
from the gold standard rules than- did most 
other countries during this period. I conclude 
that to the extent the Great Depression was 
transmitted internationally, other countries 
as well as the United States must have played 
a significant role, and/or it was transmitted 
from the United States through some chan- 
nel not analyzed here. 

Although this paper disagrees with the 
Friedman and Schwartz view of the interna- 
tional. transmission, the evidence does not 
contradict other aspects of their description 
of the Great Depression. Neither does it rule 
out the possibility that the United States 
could have prevented or mitigated the world- 
wide depression through appropriate mone- 
tary policies.?8 


17Census Bureau, Series U225 and U237. 

18There is no doubt that the United States possessed 
very large gold reserves in absolute terms, which sug- 
gests that an expansionary policy could have been 
pursued without invoking speculation of a devaluation. 
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Technology and Hedging Behavior: 
A Proof of Hicks’ Conjecture 


By MAUREEN O’HarA* 


The idea that technology could lead to an 
imbalance in long and short hedging is due 
to John Hicks. He noted that: ` 


Technical conditions give the entre- 
preneur a much freer hand about the 
acquisition of inputs (which are largely 
needed to start a new process) than 
about the completion of outputs (whose 
process of production—in the ordinary 
business sense—may be already begun). 
If forward markets consisted entirely of 
hedgers, there would always be a ten- 
dency for a planned weakness on the 
demand side; a smaller proportion of 
planned purchases than of planned 
sales would be covered by forward con- 
tracts. [1946, p. 137] 


It was this imbalance, Hicks conjectured, 
that would induce normal backwardation in 
forward prices. 

This paper provides a proof of Hicks’ 
hedging conjecture. I demonstrate that, be- 
cause of the properties of production func- 
tions and profit functions, long (or output) 
hedging may exceed short (or input) hedging 
even if input and output decisions can be made 


at the same time. The intuition behind this 


result is that the shape of a firm’s technology 
may provide partial protection from price 
risks, but that this protection need not be 
symmetric with respect to input and output 
prices. To prove Hicks’ conjecture, I develop 
a measure of the technology’s price-risk 


*Johnson Graduate School of Management, Cornell 
University, Ithaca, NY 14853. I thank Lawrence Blume, 
David Easley, and Robert Frank for helpful comments. 
I also thank the National Science Foundation, grant no. 
IST-8408770, for financial support. 

‘Normal backwardation occurs when the forward 
price is less than the expected future spot price. Con- 
versely, if the forward price exceeds the expected future 
spot price, this is referred to as contango. 
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sensitivity; this measure is similar to the 
Pratt-Arrow risk-aversion measure from util- 
ity theory. I then use this measure to indicate 
when producers will hedge input and output 
price-risks, and to provide sufficient condi- 
tions for Hicks’ imbalance conjecture to hold. 

That the technology per se, and not merely 
its timing, can lead to normal backwardation 
is the main contribution of this paper. My 
analysis can be viewed as a complement to 
the more extensive analyses of Hendrick 
Houthakker (1968), David Newbery and 
Joseph Stiglitz (1981), and Ronald Anderson 
and Jean-Pierre Danthine (1983) on the ex- 
istence of normal backwardation. Those 
authors demonstrate that forward prices can 
be influenced by a wide variety of factors 
such as storage, timing, and quantity uncer- 
tainty. My analysis suggests that technologi- 


_ cal conditions can also be important in in- 


fluencing financial sector behavior. 
I. Production, Profit, and Prices 


To focus on the effect of technology on 
hedging, I consider a very simple model of 


_the economy. I assume that production is 


nonstochastic, so a firm (or producer) faces 
no quantity uncertainty in output.? How- 
ever, each producer does face price uncer- 
tainty as the output price, p, and the input 
price, w, both depend on the state of the 
world 0,0 €[6,@]. In the analysis that fol- 


?The case of stochastic production is extensively 
analyzed in Anderson and Danthine. They demonstrate 
that quantity uncertainty can result in either normal 
backwardation or contango in forward prices. This leads 
them to conclude “it is not possible from a purely 
theoretical point of view to demonstrate conclusively the 
predominance of backwardation or contango” (p. 388). 
In this paper I demonstrate that with nonstochastic 
production this predominance of backwardation can 
occur. 
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lows, I consider when a producer would pre- 
fer to “lock in” a price (either input or 
output) by entering a forward contract, or to 
wait and accept the uncertain price that will 
prevail in the spot market. Following Hicks, 
I define selling output via a forward contract 
to be long hedging; purchasing inputs via a 
forward contract to be short hedging. 

Technology is given by Y = g( X, Z) where 
Y is output, g is a production function, X is 
a variable input, and Z is a fixed input.? 
Initially, suppose that producers maximize 
expected profit. Then a producer selects X 
to maximize the expectation of the profit 
function 


(1) 7(p,w) = p(9)g(X, Z)—w(8)X-Z 


where the fixed input price is normalized to 
one. The following proposition characterizes 
the properties of this profit function. 


PROPOSITION 1: Let g(X,Z) be strictly 
concave in X with g'(X)> 0, g”(X) <0, and 
g(0, Z)=0. Then 

(i) t(p,w) is linear in p and linear in w if 
production decisions are made prior to the 
realization of p(@), w(@). 

(ii) w(p,w) is strictly convex in p and 
strictly convex in w if production decisions 
are made subsequent to the realization of 


P(9), w(9). 


PROOF: 

Given the timing of part (i), X is a num- 
ber so a(-) is clearly linear in p and w. Part 
(ii) follows directly from Hal Varian (1978; 
Section 1.9). 


Proposition 1 illustrates the relationship 
between prices and a producer’s profitability. 
If producers cannot know the realizations of 


3In the analysis that follows, the concavity of g(-) in 
X plays an important role. However, this needed con- 
cavity is with respect to a specific input, and not neces- 
sarily with respect to total inputs, For example, a 
Cobb- -Douglas technology of the form Y= Xf X$ with 
a+b=1 is linear in total inputs but is concave in 
specific inputs. For simplicity, the paper concentrates on 
the single-variable input case, but the analysis can easily 
be adapted to the multiple input case. 
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p(8) and w(@) before they produce, then (i) 
indicates that profit is linearly affected by 
price changes. This occurs because the pro- 
ducer’s input and output amount is fixed; 
profit can vary only with price levels. If p(@) 
and w(@) are known, however, this sim- 
ple relationship changes. Now the optimal 
amount to produce for each price realization 
can be selected; profit will vary because of 
quantity changes. As (ii) indicates, this 
quantity shifting means that different price 
levels have different, nonlinear effects on 
profit. The profit function becomes convex in 
input and output prices. The degree of con- 
vexity depends on the degree of concavity in 
the production function: the more concave 
the production function, the less convex the 
profit function. 

The shape of the profit function has im- 
portant implications for producers’ forward 
market decisions. In case (i), the linearity of 
a P, w) means that an expected profit-maxi- 
mizing producer would be indifferent be- 
tween trading in the spot market at prevail- 
ing prices or trading in the forward market 
at the expected spot price. Since m(p,w) is 
linear in both input and output prices, there 
is a symmetry in the forward demand to lock 
in these prices. This symmetry necessitates 
that the only forward market equilibrium has 
the forward price equal to the expected fu- 
ture spot price. 

If the profit function is convex in prices, 
however, this is no longer the forward market 
equilibrium. The convexity of w( p, w) means 
that producers actually prefer price vari- 
ability. To induce producers to sell output 
forward, the forward price would have to 
exceed the expected future spot price. To in- 
duce producers to buy inputs forward, the 
forward price would have to be lower than 
the expected future spot price. No forward 
market composed only of hedgers could 
exist. 

A forward market equilibrium charac- 
terized by normal backwardation, therefore, 
cannot occur if producers maximize expected 
profits. Since producers are, at worst, indif- 
ferent to price risk, they have no reason to 
“lock in” prices. This suggests that a neces- 
sary condition for Hicks’ conjecture to hold 
is that (at least some) producers be averse to 
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price risks. The analysis demonstrates that 
this aversion will not arise from the technol- 
ogy; if it arises at all, it must be because of 
producer risk preferences. 


Il. Utility, Technology, and Hedging 


If producers are risk averse in profit, 
then their objective function is given by 
E[U(sa( p, w))], where U is a strictly concave 
utility function. Although U(-) is concave in 
profit, whether it is also concave in prices 
depends upon the relative shapes of the util- 
ity and profit functions. The shape of the 
utility function can be characterized by its 
measure of absolute risk aversion. The fol- 
lowing proposition suggests a similar mea- 
sure to characterize the shape of the profit 
function. These two measures provide a gen- 
eral rule for when risk aversion with respect 
to profit also implies risk aversion with re- 
spect to prices. If producers are averse to 
price risks, they will prefer to lock in prices 
in the forward market rather than accept the 
variable prices in the spot market.* 


PROPOSITION 2: Let n(p,w) be the profit 
function, and U(m(p,w)) be the objective 
function. Let U, denote a first derivative, U,,, 
a second derivative (similarly for 1). Then: 

(i) A producer will hedge input price risks if 
in the absence of hedging 


(2) -U,,/U, > (1/ ty) By Ty. 


(ii) A producer will hedge output price risks 
if in the absence of hedging 


G) -U,,/U, > (1/1) typ/tp- 


4The decision to enter the forward market also de- 
pends upon the forward prices. In the analysis that 
follows, I evaluate forward demand and supply when 
the forward price is equal to the expected future spot 
price. If a producer’s objective function is concave in 
prices, however, he would be willing to pay a premium 
to enter the forward contract. Hence, if long hedging 
exceeds short hedging, the forward price will fall, result- 
ing in normal backwardation. If short hedging exceeds 
long hedging, the forward price will rise, resulting in 
contango. 
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PROOF: 
Let U(7( p,w)) = V(p,w). Then to estab- 
(2) note that V,=U,7, <0 and V,, = 
Una Ty)” + Uztyy Z0. Concavity, or risk 
aversion in m requires F,» <0. This implies 
UT y < — U,,(%,,)* and the result follows. 
To establish E note that Fp = Urp > 0 and 
Fop = Urap (1p) + Untpp S $0. Concavity, or 
risk aversion in P, requires Vpp <0. This 
implies U,7, Un My )* and the result 
follows. 


The general rule stated above gives a sim- 
ple way to characterize producers’ forward 
market decisions. If a firm is risk neutral in 
profit, then U_,=0 and, as expected, the 
firm will not hedge. If the firm is risk averse, 
it will hedge if its absolute aversion to risk 
overwhelms the inherent convexity of the 
profit function. In the case of a linear profit 
function, 7, and m,, are zero, so hedg- 
ing becomes attractive. This will occur, for 
example, when the firm’s production deci- 
sions are made in advance of price realiza- 
tions. If the profit function is strictly convex, 
however, even a very risk-averse producer 
may prefer not to hedge price risks. 

One implication of these conditions is that 
the timing of production may be sufficient to 
generate an imbalance in long and short 
hedging. If, as Hicks implies, input prices are 
more often known in advance of production 
than are output prices, then the profit func- 
tion will be linear in p but convex in w. This 
means that producers will be more willing to 
hedge output prices than input prices. If only 
hedgers were present in forward markets, 
this imbalance would induce normal back- 
wardation. 

Timing differences, however, are not nec- 
essary to generate this hedging imbalance. 
The technology itself may be sufficient to 
induce differential hedging. This can be dem- 
onstrated by incorporating some additional 
properties of profit functions and risk aver- 
sion measures into the analysis. To avoid 
timing complications, I assume that both 
input and output prices are known before 
production. Then, from Hotelling’ s Lemma, 


5With both input and output prices known before 
production, the producer has the maximum amount of 
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— On( p,w)/dw= X and da(p,w)/dp=Y 
where X is the input demand and Y is 
output. Substituting for 7, and 7, in equa- 
tions (2) and (3) and multiplying by 7 yields 


The left side of the expressions is the 
producer’s relative risk-aversion measure. 
From (4), the producer’s desire to hedge 
input price risks depends upon the relation- 
ship of both profit per unit of input and the 
technology to this relative risk-aversion mea- 
sure. Equation (5) draws a similar compari- 
son with profit per unit of output. One impli- 
cation of this latter condition is that the 
higher the profit per unit of output, the more 
likely is the firm to hedge output price risks. 

Equations (4) and (5) illustrate the interre- 
latedness of the hedging decision with tech- 
nology. This linkage can be understood bet- 
ter by examining how the technology and 
profit function relate. Write the technology 
as Y= g(X(p,w), Z) where X(-) is the in- 
put demand function. The profit function is 
then w(p,w) = pg(X(p,w), Z)— wX(p,w). 
It is easy to show that 


(6) Tw = P&"(X,) ~2X,, 
(7) t= pe’(X,) +29’, 


where primes denote derivatives of g(-) and 
subscripts denote derivatives of X(-). 

Equations (6) and (7) can be simplified by 
realizing that, from the first-order conditions, 
profit maximization requires pg’( X( p, w))— 
w=0. This implies that pg”X,,=1 and 
pg” X, = — g'. It follows that 


(8) rw / Mw =1/X8"(+) p 
(9) m%p/a=—(8'(-))°/a(-)8"(-)p- 





production flexibility. This allows the producer to par- 
tially offset unfavorable price conditions, and thus re- 
duces his incentives to hedge. By focusing on this case, 
the analysis examines the interaction between produc- 
tion flexibility and hedging when production flexibility 
is at its greatest. Certainly, if the producer must take 
production decisions before prices are known, his hedg- 
ing decisions may differ. 
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It is now easy to see how the shape of the 
technology influences the hedging conditions 
given by Proposition 2. As the technology 
becomes more linear, g”(-) goes to zero from 
below and both profit function conditions go 
to infinity. With the right sides of equations 
(2) and (3) infinite, even an extremely risk- 
averse producer will not hedge. As before, 
the intuition behind this result is that the 
shape of the technology already provides in- 
sulation from price changes. The less con- 
cave this technology, the larger are the 
changes in X and Y for changes in p and w. 

These price-induced changes in X and Y, 
however, need not be symmetric. As a result, 
the ability of the production process to limit 
input and output price risks may also not be 
symmetric. To see why, recall that X,= 
1/pg” and X,=~ g’/pg”, and note that 
the output elasticity with respect to X, de- 
noted ny, is equal to g’(-)X/g(-). Then 
equations (8) and (9) can be rewritten as 


(10) Tiad Ty Ny 
(11) Typ / My = Nx( X,/X). 


The elasticity effect in equation (11) dic- 
tates that input and output prices affect the 
firm’s production decisions in very different 
ways. While both price changes directly affect 
the input demand function, output price 
changes also have an indirect effect through 
the production function. The “warping” 
effect of the production function limits the 
technology’s effectiveness in hedging output 
price risks. As the following proposition 
demonstrates, this implies that firms are more 
likely to hedge output price risks than input 
price risks, 


PROPOSITION 3: Given a strictly concave 
production function g(X) with g(0) = 0, 


(12) (1/1) T,p/ T, < (U/%y) Twn / Tp. 


PROOF: 
From equations (8), (9), and Hotelling’s 
Lemma, this condition can be rewritten as 


(- (8) /pgg")1/g<1/Xpg"(-1/X). 
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Simplifying yields 


(8'/e)(8'/g) < (1/X)(1/X) 
which is equivalent to 


(g’X/g)(g’X/g) <1. 


But (g’X/g) is ny. Hence, we need (yy)? <1 
to establish the claim. Since ņy> 0, it is 
sufficient to establish 7, <1. Thus we need 
Xg'/g <1, or g’<g/X. But this is equiv- 
alent to Marginal Product of X < Average 
Product of X, which is always true if g(-) is 
strictly concave and g(0)= 0. 


Proposition 3 provides an important re- 
sult. If a firm will hedge input price risks, it 
will also hedge output price risks. However, 
a firm may hedge output prices without 
wanting to hedge input prices. As a result, 
the demand for “output price insurance” 
exceeds the demand for “input price in- 
surance.” As Hicks’ conjectured, the technol- 


ogy induces an imbalance in long and short — 


hedging. If forward markets were composed 
only of hedgers, then normal backwardation 
would result. . 


HI. Concluding Remarks 


This paper has examined the effect of tech- 
nology on producers’ forward market deci- 
sions. I have demonstrated that the technol- 
ogy itself may provide protection from price 
risks. This technological protection obviates 
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the need for forward market protection, par- 
ticularly in the case of input prices. This 
results in the imbalance of long and short 
hedging that Hicks conjectured would char- 
acterize forward market participation. 

While I have demonstrated sufficient con- 
ditions for Hicks’ conjecture to hold, it is 
certainly true that in other economic en- 
vironments this hedging imbalance may not 
arise. As Anderson and Danthine have dem- 
onstrated, the presence of quantity uncer- 
tainty or storage can introduce other factors 
into producers’ hedging decisions. Neverthe- 
less, by focusing strictly on technology, this 
paper demonstrates the crucial link between 
technology and hedging behavior. 
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Equilibrium Price Dispersion 


By WILLIAM HALLAGAN AND WAYNE JOERDING* 


Steven Salop and Joseph Stiglitz (1982) 
present a model of equilibrium price disper- 
sion which exhibits both single-price equi- 
libria (SPE) and two-price equilibria (TPE).+ 
A distinctive characteristic of this model is 
that, while SPE are possible at the high 
(monopoly) price, the Salop-Stiglitz model 
does not exhibit SPE at the low price. This 
result raises the question of whether SPE can 
exist at the competitive price in the presence 
of consumer search. We present a model 
which; in many ways, is similar to the 
Salop-Stiglitz model, but it is capable of 
exhibiting SPE at either the high or low 
price as well as TPE. Section I develops the 
model which will, to the extent convenient, 
follow the notation used in Salop and Stiglitz 
(1982).* After demonstrating that SPE at the 
high and low price are possible, we conclude 
with a discussion of the major difference 
between this model and Salop and Stiglitz. 


I. The Model 


Suppose there are a large number of firms 
(N) selling a homogeneous commodity and 
facing the same production technology. Firms 
are allowed to differ only in that some select 
the high price (P,,) strategy while others select 
the low price (P,) strategy. For convenience, 
P, and P, are measured net of constant unit 
costs. Following Salop and Stiglitz, there ex- 
ist a large number of consumers (L) who 
purchase one unit per period as long as the 
price is not greater than some reservation 
price u. Consumers purchase nothing from 


*Department of Economics, Washington State Uni- 
versity, Pullman, WA 99164. 

1 Other papers treating equilibrium price dispersions 
are Salop and Stiglitz (1977), Jennifer Reinganum (1979), 
A. Braverman (1980), J. A. Carlson and R. P. McAfee 
(1983), and K. Burdett and K. L. Judd (1983). 

*The model is a hybrid of the Salop and Stiglitz 
model and the models developed in our 1983, 1985 
articles. f 


1191 


firms charging more than u. We assume that 
consumers are heterogeneous with differing 
propensities to search for low-price stores. 
Assume that consumer i will seek out the 
low-price store if the average price differ- 
ential (D) is greater than some constant d; 
If f(-) describes the distribution of d, for 
i=1,..., L, then 


QQ) aD) = f F(x) a 


is the proportion of consumers seeking out 
the low-price firm. These consumers are 
referred to as type-I consumers, while we 
call the remaining [1—a(D)|L consumers 
type 17 

Type-J consumers search varying amounts 
and, as long as low-price firms exist, no 
type-J consumer will purchase anything from 
a high-price firm. Let M,(D,,D) be firm 
i’s share of the type-I consumers where it 
sets its price P,= P,—D, with D,>0. If 
D,=0 then M,(0,D)=0. We assume 
that type-J7 consumers distribute themselves 
equally across all firms. The profit function 
for firms following the high-price strategy is 


(2) p=” Ee for P, <u 


0 for P, > u 


Throughout the rest of the development, we 
assume that firms treat D and u as known 


3Salop-Stiglitz emphasize that in their model con- 
sumers are identical with respect to incomes and pref- 
erences, but, by chance, some happen to arrive at high- 
price stores while others arrive at low-price stores. 
Braverman models consumers as identical except with 
respect to the costs of gathering market price informa- 
tion. Braverman concludes that the distribution of these 
search costs is critical in determining the nature of the 
market equilibrium. 
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parameters. An immediate consequence is 


LEMMA 1: The profit-maximizing price 


for firms following the high-price strategy is- 


P, =u. 


This is Lemma 3 of Salop-Stiglitz and 
follows from the maximization of (2) with 
respect to P,. With D treated as a constant, 
profits are positive and increase with P, un- 
til P, exceeds u and profits drop to zero. 
Thus, profits are highest when P, = u. 

Lemma 1 is useful for both Salop-Stiglitz 
and this model because it allows us to use 
P,, =u as a reference point for other prices. 
We express prices for firms following the 
low-price strategy as P,; = P, — D,. The profit 
function for firms following the low-price 
strategy is 


(3) I= (P,- D,)L l 
S —. 1-a(D 

x a(D)M (D, D)+ E2) : 

Maximizing (3) with respect to D, and re- 


arranging the first-order condition the profit- 
maximizing D; must satisfy (4). 


(4) D,[a(D)+(1-a(D))/M(D,, D)N] 


—(P,— D;)a(D)E,=0 


where E,;=(dM/dD,)\(\D,;/M) is the firms 
expectation of the elasticity of its share of 
type-I consumers with respect to its choice of 
D,. The E, contains both the expected direct 
effect of its own price discount as well as the 
conjectured effect of its price discount on the 
price discount of other firms. E; is assumed 
to be constant over the relevant range of 
price discounts.* 


LEMMA 2: If E,=E for all firms then an 
equilibrium will, at most, contain two prices; 


*Even though a constant Æ, is likely to be incon- 
sistent with the behavior of consumers and other firms, 
it is assumed that, as a rule of thumb, firms make their 
decisions as if E; were a constant. 
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P,=u and P,=u-— D, where D = D, for all 
low-price firms and satisfies (4). - 


Given the result of Lemma 1, this result 
follows from the derivation of (4). Hereafter, 
we assume the E, = E for all firms so that 
Lemma 2 justifies our reference to the low 
price without making allowances for multiple 
low prices. Furthermore, we will assume that 
with all low-price firms charging the same 
price, type-J consumers are shared equally 
by low-price firms so that M,(D,, D)=1/N, 
where N, is the number of low-price firms. 

This model can exhibit two types of equi- 
libria, SPE and TPE. As discussed in the 
introduction, our concern is whether a model 
that exhibits a TPE can also exhibit both 
varieties of SPE; high-price SPE and low- 
price SPE. It is useful to define A(D) as the 
difference in profit between low-price firms 
and high-price firms from (2) and (3), 


(P, — D)La(D) 


9 A(D)=0)-T,-—* 


— DiL[1- a(D)] /N. 


PROPOSITION 1: A necessary condition for 
the existence of a high-price SPE is E >1. 


A high-price SPE will exist only if A(.D*) 
<0 when N,=1 and D* is the profit-maxi- 
mizing price discount where N,=1. Clear- 
ly D*< P, and a(D*)<a(P,), thus, for 

=1, A(D*) <0 implies 


(6) (P, = D*)La(P,) 


— D*L[1—a(P,)|/N <0. 
But (6) can be rearranged to obtain 


a(P,)N _D* 
(7) i-a(P,) ED 


A lone low-price firm captures all type-I 
consumers so that M(D*, D*)=1, and the 
maximum profit condition (4) can be ex- 
pressed as 


D* Na(D*)E 


(8) P,—D*  Na(D*)+1—a(D*) 
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Noting that the right-hand side of (8) is 
increasing in a, we can substitute a(P,) for 
a(D*) and combine (7) and (8) to form 


a(P,,)N 
1-a(P,) ~ 


Na( P,)E 


(9) Na(P,)+1—0(P,)’ 


which can be rearranged as 


1—a(P,)+ Na(P,) 


(10) E> 1 al P,) 


Thus, E must exceed 1 if an SPE at the high 
price exists. 

Proposition 1 is counterintuitive. A value 
of E greater than 1 would imply that firms 
expect that total revenue will increase with a 
drop in price and one would think that firms 
would be more likely to adopt a price dis- 
count strategy in this case. Proposition 1, 
however, is about an equilibrium. It may be 
that such an SPE is likely to be unstable. It 
is interesting to note that while elasticities 
exceeding 1.0 often cause problems for equi- 
librium in models of promotional strategies 
(Richard Schmalensee, 1972), in this model 
E>1 may, in fact, be interpreted as a con- 
jectural elasticity which is consistent with 
equilibrium. That is, if firms expect that their 
price cut will not be followed by other firms, 
then it is likely that they will consider E to 
exceed 1 and, for a high-price SPE with 
E>1, no firm will follow any other firm 
experimenting with a low-price strategy. 


PROPOSITION 2: If N = 2 a sufficient con- 
dition for a low-price SPE to exist is E <1. 


A low-price SPE will exist if A(D*)>0 
when N,= N —1 where D* is the profit-max- 
imizing price discount satisfying (4). From 
(5), A(D*) > 0 when N, = N —1 implies 


(11) (P, — D*)a(D*) 


N-1 
> 





D*[1—a(D*)]. 


Rearranging (4), when N,=N-—1, and 
maintaining the assumption that M(.D*, D*) 
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=1/N,, D* must satisfy 
(12) (P-D*)a(D*) 


= a a(D*)+~—(1- a( D*))|. 


Combining (11) and (12) the condition for 
A(D*) > 0 can be expressed as 


Na( D*) 


(N-1)—a(p*)) 


(13) 


If we are willing to adopt the simplifying 
assumption that « is a constant, Propositions 
1 and 2 can be strengthened. A constant a 
may in fact be a reasonable assumption if we 
think that individual shopping behavior is 
formed on the basis of experiences with the 
price dispersions existing in the past, and 
that this behavior is either slow to adapt to 
current price dispersions or that price disper- 
sions have not changed perceptibly. In the 
case of a constant a, Propositions 1 and 2 
can be restated as Propositions 1A and 2A 
below. 


PROPOSITION 1A: Jf a is a constant, a 
necessary and sufficient condition for the ex- 
istence of a high-price SPE is E>1+ N(a/ 
(1— a). 


PROPOSITION 2A: If a is a constant and 
N = 2, a necessary and sufficient condition for 
the existence of a low-price SPE is E <1+ 
(N/(N —1)a/(1 — a)) 


PROPOSITION 3: If a is a constant, and 
N >2 a necessary and sufficient condition for 
a two-price equilibrium to exist is 


Pee epee a 
Hal) atl teat 


From Propositions 1A and 2A for values of 
E between (1+(N/(N —1)(a/(1— a)) and 
(1+ N(a/(— a)) there cannot be a single- 
price equilibrium at either the high price or 
the low price. To determine the range of E 
such that a TPE exists, we need to show that 
there exists a value of N, such that 1<N,< 
N-1 and A(D*)=0. The A(D*)=0 im- 
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plies 
(14) N,=(P,— D*)aN/D*(1-— a). 
Substituting into (14) for the profit-maximiz- 


ing value of ((P — D*)/D*) from (4) for the 
case where a is a constant gives us 


(15) 
Using (15), 1< N, < N—1 when 


(oa) 


as claimed in Proposition 3. 


N,= Na/((E -1)(1- a)). 





If. Conclusion 


The model presented by Salop and Stiglitz 
(1982) was incapable of exhibiting SPE 
where all firms ‘charged the low price. This 
peculiar result is generated by the nature of 
demand facing their low-price firm. In the 
Salop-Stiglitz model, low-price firms faced 
perfectly inelastic demands for further price 
decreases, but if they raised price infinitesi- 
mally their sales would drop to the level of 
the high-price firms. In this setting, the 
profit-maximizing discount (using our term- 
inology) for Salop and Stiglitz’s low-price 
firm is 


(16) 


where 6 is a positive constant.’ 

Given this background it is easy to see 
that a low-price SPE (N,= N) will not exist 
in their model since as N, approaches N, 
D* approaches infinity, and the low-price 
firms charge infinitely negative prices, while 
firms that switch to the high-price strategy 


D* =8(N/(N—N,)) 


5This is the result of the principal case treated by 
Salop and Stiglitz where the costs of entering the market 
(c) are zero and storage costs (8) are positive. In this 
case they show, from their equation (9), that P, = u — 
3(N/(N — N,))- 
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will experience positive profits. In the model 
presented in this paper, the demand facing 
the low-price firms is a smooth function of 
price, and, as a result, the model is capable 
of exhibiting TPE as well as SPE at the low 
and high price. In the simple case where a is 
a constant, the profit-maximizing discount 
for the low-price firm is 


ak 


17) Dt=?P,| —-- oo 
my "lat(1—a)(N,/N)+aE 
which, for positive E, is always less than P, 
so that the profit-maximizing P, is always 
positive. 
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The Quality of Schooling: Comment 


By PETER J. EATON* 


A recent article in this Review by Jere 
Behrman and Nancy Birdsall (1983) raises 
an important issue for makers of education- 
al policy in developing countries. Behrman- 
Birdsall break ground both in specifying a 
model that treats schooling quantity and 
quality simultaneously and systematically, 
and in developing practical methods for 
evaluating social rates of return to school- 
ing quantity and quality in the absence of ex- 
ternalities. Their model is estimated using 
data from Brazil, a country with an impres- 
sive recent record in expanding primary 
schooling. 

This comment has two objectives. The first 
is to point out methodological errors made 
by Behrman and Birdsall in the derivation of 
the social rate of return to schooling quan- 
tity. The second is to test the robustness of 
this (corrected) finding with a data set that 
differs from that used by Behrman and 
Birdsall. 

The principal finding of the Behrman- 
Birdsall analysis is that the estimated social 
rate of return to schooling quantity in Brazil 
is much lower than that to schooling quality 
(6.8 vs. 10.4 percent). If this is generally the 
case in developing countries, the possibility 
of a conflict between productivity and equity 
goals becomes an issue to be taken into 
account by educational policymakers. For 
example, with the conclusions reached by 
Behrman-Birdsall, “If only one-third of the 
students were to attend school and the re- 


*Associate Professor of Economics, University of 
Missouri, 5100 Rockhill Road, Kansas City, MO 64110. 
The Brazilian Planning Ministry provided a grant which 
generated the empirical basis for this comment. I am 
grateful to David A. Denslow, Jr. for constructive in- 
sights with respect to substantial issues addressed here, 
and to the personnel at the Curso de Mestrado em 
Economia of the Federal University of Ceara, Brazil, for 
their guidance and help in gathering data. The views 
expressed are my own and do not necessarily reflect the 
opinions of any of these institutions or individuals. 
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sources saved by schooling only one-third of 
the students could be used to increase both 
quality and quantity by 50 perceni, the 
estimates imply an [overall] income gain of 
32 percent!” (p. 941). 

The analysis that follows demonstrates that 
correct procedure yields an estimated social 
rate of return to schooling quantity which is 
only slightly lower than that to schooling 
quality (9.8 vs. 10.4 percent), indicating no 
substantial inefficiency in the allocation 
of educational resources between schooling 
quantity and quality. To test the robustness 
of this result, a model of the Behrman- 
Birdsall type is estimated using a 1979 set of 
micro data from one city in the Brazilian 
northeast. Using theoretically and empiri- 
cally preferred variable definitions, very simi- 
lar estimation results are obtained with re- 
spect to relative social rates of return to 
quantity and quality. 

Section I contains a correction of the er- 
rors made in deriving the social rate of re- 
turn to schooling quantity. Section II is em- 
pirical and contains a summary of potential 
sources of bias, a description of the data set 
used to estimate a Behrman-Birdsall-type 
model, and estimation results. Section II 
contains a discussion of some remaining 
problems. 


L Correction of the Social Rate of Return 
to Years of Schooling 


The preferred model developed by Behr- 
man and Birdsall is a modification of the 
model developed by Jacob Mincer (1974). 
The difference between their model and the 
basic Mincerian specification lies in their in- 
clusion of schooling quality. From their 
equations (2) and (2’), the model estimated 
can be summarized as 


(1) In Ys 9=nY, +r +r7Q + no?)sS 


+aE + bE? +W, 


1196 


where Y is monthly earnings, Q is a measure 
of schooling quality, S is years of schooling, 
E is labor force experience, and W is a 
random disturbance. Regression coefficients 
provide the information necessary to calcu- 
late an estimated social rate of return to 
years of schooling for a given quality, either 
as an average or marginal rate. Behrman and 
Birdsall use a method that yields an average 
rate. The marginal procedure is preferable, 
both for consistency with, their computation 
of the social rate of return to schooling qual- 
ity and for econometric considerations.' 

The following procedure assumes that an 
individual with sample mean values of S, Q, 
and E behaves according to standard human 
capital theory with respect to investment in 
schooling quantity and quality, that the only 
private gain involved is that of an increased 
lifetime income, and that the only private 
cost involved is that of postponing entry to 
the labor force for an additional year. 

If Y* is the gross private gain in lifetime 
earnings resultant from an additional year of 
schooling, then the present value (G*) of that 
gain can be written as 


(2) =y f" erat 
i 1 


=Y*(—1/r)[e7 +D — e7]. 


Using the estimated coefficients from Behr- 
man and Birdsall’s OLS estimation of (1) 
yields In Y of 4.63 for the average individual.” 
The gain in In Y for this individual from an 
additional year of schooling is ĝln Y/5S = 


1 Ordinary least square (OLS) estimation of the semi- 
log form yields estimates of the change in Y resulting 
from a change in S (or Q) that are biased. In the 
analysis that follows, gains associated with schooling are 
expressed in terms of Y. The bias involved in estimating 
this change from a change in InY is smaller if the 
change in In Y is associated with a marginal change in S 
than if it is associated with all schooling. 

? The sample mean value of In Y.is 4.51 (p. 933). This 
value does not correspond to In Y at mean values of S, 
Q, and E because of the squared terms in the quality 
and experience variables. ‘Behrman and Birdsall calcu- 
late rates of return to both quantity ‘and quality of 
schooling using 4.51 to estimate InY for the average 
individual. 
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.117. Since earnings are measured in monthly 
terms, estimated Y* is 12(e*®*117 — ¢463) = 
154.3 Assuming N= 40, equation (2) then 
yields G* = 1153. 

The present value of the private cost of an 
additional year of schooling (C *), which is 


equal to G* at equilibrium, is* 


(3) Cs = P* f'e- dt 
0 
= P*(—1/r)(e-"—-1), 


where P* is the annual cost of an additional 
year of schooling.for the individual. Sub- 
stituting for r and using the equilibrium 
condition (G* =C *) results in P* = 1222. 

Assuming that schooling is a constant cost 
industry over the relevant range, the Behr- 
man-Birdsall estimate of the average annual 
social cost of schooling (242) can be used to 
approximate the social cost of an additional 
year of schooling, which is added to P* to 
yield the total cost of an additional year of 
schooling. The social rate of return to years 


3 The principal reason for the Behrman-Birdsall find- 
ing of a low estimated rate of return to schooling 
quantity relative to quality is that they neglect to 
transform the monthly earnings to annual earnings in 
their calculation of the social rate of return to schooling 
quantity (p. 940, fn. 29). In calculating the total cost of 
an additional year of schooling they add average private 
cost, measured as average monthly foregone earnings, to 
average social cost, measured as a function of average 
annual teachers’ salaries. Ignoring other problems, the 
correct procedure, rather than adding 304+ 242 to arrive 
at C‘, as is done (in fn. 29, p. 940), would have been to 
add 3648 + 242. 

4 Behrman and Birdsall calculate CP, which they label 
“average annual value while in school of postponing 
entry into the work force to attend school” (p. 940), as 
the solution for C? of 


z sp fN+S+1 _ S 
(a) Y e "d=c f e" dt, 
S+1 l 


But the left side of (a) is the present value of mean 
lifetime earnings (with schooling fixed at S) if earnings 
were to commence one year after the last school year, 
rather than the present value of lifetime gross gains 
from schooling. The Behrman-Birdsall interpretation of 
C? is therefore incorrect. In addition, the right-hand 
term is integrated over S—1 rather than § years of 
schooling. 
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of schooling is then the solution for r’ of 
(4) 154(-1/r’)[e" e] 
=1464(—1/r')X(e7” —1), 
which is r’ = 9.8 percent.$ 
H. A Test of the Behrman-Birdsall Model 
A. Some Thoughts on Specification 


Behrman and Birdsall cite several possible 
sources of specification and measurement er- 
ror which are relevant to the study of the 
schooling-earnings relation in developing 
countries, including omission of variables to 
control for individual differences in general 
learning environment, motivation and abil- 
ity; misrepresentation of schooling quality; 
inappropriate regional aggregation and inad- 
equate measures of the true cost of school- 
ing. Most of these problems are at least 
partially the result of the fact that the typical 
data set used to study the schooling-earnings 
relation in a developing country is from a 
national source with serious limitations. 
Other sources of bias in this context include 
failure to control for cost of living dif- 
ferences between regions, and failure to in- 
clude fringe benefits in earnings.” 


SIf a corrected Behrman-Birdsall “averaging proce- 
dure” is used, estimated r’ is 10.2 percent. One might 
argue that it is the last year rather than an additional 
year of schooling which is relevant to the marginal 
analysis. Using the last year does not alter qualitative 
results (r’=9.6 percent). Moreover, the Bebrman- 
Birdsall result with respect to quality is based on an 
additional unit of quality, The estimate is, of course, 
also sensitive to assumptions made with respect to the 
social cost of an additional year of education. If, for 
example, it were assumed that each teacher had the 1971 
national average number of student for public primary 
schools, and that nonsalary costs are equal to one-third 
of teachers’ salaries, r’ would be estimated as 10.2 
percent by the marginal method, and 10.4 percent by 
the Behrman-Birdsall averaging procedure. 

éCost-of-living considerations are likely to be par- 
ticularly important in a country such as Brazil, where 
large regional and rural-urban wage differences are 
accompanied by large differences in the cost of living. In 
1969-70, the Brazilian minimum wage, which is for- 
mulated as a weighted average of survival requirements 
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Many of these problems are reduced or 
eliminated if the schooling-earnings relation- 
ship is estimated using local survey data. 
Besides being based on a population with 
less variation in such factors as the general 
learning environment, ability, and motiva- 
tion, which may obscure the relationship be- 
tween returns to schooling quantity and 
quality, local surveys are less likely to suf- 
fer from cost-of-living-induced distortions. 
Moreover, some local surveys provide in- 
formation not normally available in national 
surveys. These advantages come at a cost. 
Obviously, national generality is lost. Also, 
estimates based on local surveys probably 
introduce a truncation problem, since those 
who are educated in the survey area and 
subsequently migrate are not included in the 
sample. If successful migration is selective of 
those who benefit most from schooling quan- 
tity or quality, estimated rates of return will 
tend to underestimate true rates of return. 
This problem is particularly important if the 
survey is conducted in a relatively underde- 
veloped area of the country. Nonetheless, 
local survey data provide a good test for the 
robustness of the Behrman-Birdsall model. 


for food, housing, clothing, health and transport in 23 
subregions of the country, was nominally 59 percent 
higher in the (most developed) state of São Paulo than 
in the (least developed) northeastern states. Individuals 
from the more developed areas tend to have more years 
and higher quality of schooling. Use of unadjusted data 
from a national census, as in the Behrman-Birdsall 
study, may therefore impart an upward bias to the 
estimated rates of return to quantity and quality of 
schooling. 

7The Brazilian census provides no information with 
respect to fringe benefits. But these benefits are substan- 
tial to those employees who are lucky enough to possess 
a labor ministry card signed by the employer. Federal 
law mandates benefits for those individuals that include 
a thirteenth month’s salary, paid in December, an in- 
dexed and interest earning fund (FGTS) to which 
employers contribute 8 percent of the employee’s 
monthly salary (with no deduction from salary), that the 
employee receives upon leaving the employ of that firm 
or upon retirement; and social security-type benefits. 
There is little doubt that the probability of access to 
these benefits increases with quantity and quality of 
schooling. Failure to include fringe benefits in earnings 
is therefore expected to impart a downward bias on the 
estimated rates of return to schooling quantity and 
quality. 


1198 THE AMERICAN ECONOMIC REVIEW 


Another possible problem has as its source 
the measurement of labor force experience. 
The estimated coefficients of schooling quan- 
tity and/or quality may be sensitive to the 
measurement of experience. When actual 
labor force experience is not available, a 
measure of potential labor force experience 
is commonly used as a proxy. The conven- 
tional representation of potential experience 
in age minus years of schooling minus k, 
where k is the average age at which school- 
ing begins. Behrman and Birdsall represent 
potential experience as “...the number of 
years since leaving school one has been 15 or 
older” (p. 933). The conventional represen- 
tation is more consistent with the Brazilian 
situation. It is common to find men under 
the age of 15 actively involved in the labor 
market. In fact, the age boundary of the 
official Brazilian statistical category “eco- 
nomically active population” is 10. Using the 
Behrman-Birdsall measure, labor market ex- 
perience of individuals with few school years 
(mean school years from their sample is 3) 
is inaccurately measured. The theoretically 
expected and empirically confirmed posi- 
tive association between years of schooling 
and quality of schooling (Behrman-Birdsall, 
p. 934) indicates that the same inaccuracy 
probably occurs for individuals with low 
schooling quality. Finally, the conventional 
measure of experience is more consistent with 
the method used to derive the social rates of 
return to schooling quantity and quality, 
which assumes an immediate transition be- 
tween schooling and labor force involve- 
ment. 

These arguments provide a priori grounds 
for the preference of the conventional mea- 
sure of potential labor force experience. On 
empirical grounds, the conventional measure 
is also preferred. The data described below 
were used to estimate equation (1) under the 
two alternative measures of potential labor 
force experience. A specification test of the 
type suggested by L. G. Godfrey (1983) was 
conducted on the competing models. The 
model with the conventional measure clearly 
outperforms the model with the Behrman- 
Birdsall measure of experience.® 


The Godfrey (p. 362) test can be summarized as 
follows. Given two competing nonnested specifications 
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B. Data and Variable Definitions 


The survey upon which the following re- 
sults are based was conducted in 1979 in the 
northeastern Brazilian metropolitan area of 
Fortaleza (1980 population approximately 
1.5 million). The sample consists of 1,839 
males aged 15 to 35 (the same demographic 
group chosen by Behrman and Birdsall).° 
Summary statistics with respect to the vari- 
ables used to estimate a simple Mincerian 
specification and equation (1) from this com- 
ment are presented in Table 1. The depen- 
dent variable is equal to the logarithm of 
annual earnings including fringe benefits.1° 
Years of schooling and years of private 
(primary and secondary) schooling represent 
schooling quantity and quality, respectively. 
The choice of years of private schooling is 
based on the fact that this is clearly a feasi- 
ble higher quality alternative in Fortaleza. 


(M, and M,), OLS estimates of the coefficients of one 
specification (say, M,) are estimated and used to gener- 
ate predicted values of the dependent variable (P,). The 
variable P, is then regressed on the independent vari- 
ables of the alternative specification. The vector of least 
squares residuals from this regression is then used as an 
additional regressor (say, U) in M,, and the augmented 
version of M, is estimated with OLS. The regressor U is 
then the test variable, and its estimated coefficient (b) 
has a ¢ distribution with n — k, —1 degrees of freedom 
if the null hypothesis, b=0, is true. The alternative 
model is treated in analogous fashion. If the null is 
accepted, then the specification has “passed” the test. 
The t-statistic for the coefficient of the augmented vari- 
able in conjunction with the Behrman-Birdsall mea- 
sure is — 7.289, while that with the conventional measure 
is 1.163. 

Interviews of 3,240 households were administered, 
gathering household and individual information for 
13,422 individuals over 10 years of age. Of the total, 
2,977 are males between 15 and 35. Those who earned 
no income in the month previous to the interview are 
eliminated (1,072) as well as income earners for whom 
complete information was not available (66) to yield this 
sample. 

10The fringe benefits included are FGTS and thir- 
teenth month (see fn. 7). 

1 National statistics (Anuario Estatistico do Brasil, 
1973, pp. 753-87) confirm the higher quality of private 
education. For example, the mean student-teacher ratio 
in public primary schools was 27, vs. 25 in private 
primary schools, the mean student-classroom ratio in 
public primary schools was 50, vs. 36 in private primary 
schools, the mean pass rate in public primary schools 
was 78 percent, vs. 89 percent in private primary schools. 
Similar results hold at the secondary level. 
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TABLE 1— MEANS, STANDARD DEVIATIONS AND BIVARIATE CORRELATIONS FOR 
SELECTED VARIABLES; MALES 15-35, IN FORTALEZA, 1979? 


Standard 
Variable Mean Deviation 
hY 10.601 871 
S 7.784 4.877 
Q 1.792 3.713 
E 11.192 6.992 


Bivariate Correlations 


InY S Q E 
1.000 

515 1.000 

397 558 1.000 

047 ~620 -305 1000 





*Based on 1,839 income earners from survey supervised by author. See text for 


variable definitions, 


Experience is defined as age minus years of 
schooling minus 6. 


C. Estimation Results 


Table 2 contains OLS estimates for a sim- 
ple Mincerian model (col. 1) and a Behr- 
man-Birdsall model (col. 2). As in the 
Behrman-Birdsall paper, the quality-inclu- 
sive specification is clearly preferred to a 
simple Mincerian specification at an em- 
pirical level.!* In the quality-inclusive specifi- 
cation, estimated coefficients of quality inter- 
active variables are of expected sign and 
significant.'3 Inclusion of quality variables 
reduces the estimated private rate of return 
to schooling at mean quality, although the 
change (from 16 to 15 percent) is much 
smaller than Behrman and Birdsall found 
using national data (from 20 to 11.7 percent). 
Since most existing estimates of the private 
rate of return to years of schooling in devel- 
oping countries are from national cross sec- 
tions, the conclusion that existing estimates 
are upward biased due to omission of quality 
in the specification of the schooling-earnings 
relation seems justified. 


The F-statistic for a zero restriction test on the 
coefficients of the additional variables in col. 2 is 29.167. 
The critical F-value at the 1 percent level is 6.6. 

13 The Behrman-Birdsall quality variable controls for 
interregional and rural urban location of education. A 
specification including interaction terms consisting of 
quadratic forms of years of southeast schooling and 
years of rural schooling, as well as the variables in 
equation (1), was estimated for the Fortaleza sample. 
A zero restriction test on these four additional vari- 
ables was passed at the 5 percent level. The F-statistic is 
1.74 vs. a critical value of 2.37. 


TABLE 2—- ALTERNATIVE ESTIMATES OF LN INCOME 
FUNCTIONS: FORTALEZA MALES, AGES 15-35 IN 19797 








Right Sice 
Variables a) (2) 
S .160 141 
(42.30) (31.49) 
E 122 124 
(16.45) (16.96) 
E? — 00186 — 00201 
(6.93) (7.54) 
S*Q 00552 
(6.19) 
S*Q? — 000264 
(4.20) 
nY 8.316 8.395 
2 497 512 
S.E.E. _ 618 608 
ain ¥/aS at O 160 .150 
an Y/Q at 5,0 = 0358 


"Absolute values of f-statistics are shown in parenthe- 
ses. Col. 1 contains estimates of equation (1’) from 
Behrman-Birdsall. Col. 2 contains estimates of equation 
(1) from this comment. 


The principal result of estimation is a con- 
firmation of the corrected Behrman-Birdsall 
conclusion with respect to rates of return to 
schooling quantity and quality. To calculate 
r’ for years of schooling from the equation 
(1) estimate of r, the procedure of Section I 
is followed, with r=.150, S = 7.784, n= 40 
and Y = e1°74 (estimated Y for mean values 
of S, Q, and E), which yields C * = 44418, 
C° = 5948,4 and r’=13.3 percent.) 


To derive C°, it is necessary to estimate mean 
teacher earnings (Yr). The estimate of Yy used here 
was generated using the estimated coefficients from 
equation (1), under the assumptions that S = 8.8 (the 
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Calculation of the social rate of return to 
schooling quality at mean S and Q is based 
on the following assumptions: 1) the addi- 
tional year of private schooling occurs in the 
middle of the student’s schooling; 2) the 
impact on the income stream begins only 
after schooling is complete; and 3) the pres- 
ent value of the social cost of an additional 
year of private schooling is Cr$6,000 (about 
$200 in 1979). The first two assumptions are 
consistent with the Behrman-Birdsall meth- 
odology (pp. 938-40). Little hard data are 
available with respect to the cost of private 
education in Fortaleza in 1979, but the as- 
sumption of Cr$6,000 is probably conserva- 
tive.'® The social rate of return to quality of 
schooling is then the solution for q to 


(5) 1624(—1/q)[e~ 94439) — e71439] 
= 6,000, 


which yields q =14.4 percent. 

Virtually the same relationship is thus 
found between the estimated social rates of 
return to schooling quantity and quality using 
local survey data as is found in the corrected 
version of the Behrman-Birdsall study.” This 
result is sensitive to the specification of expe- 





average number of school-years for teachers from the 
Behrman-Birdsall sample); E = 20; and the remainder 
of the variables are equal to their respective mean values 
from the Fortaleza sample. 

15 By setting years of private primary and secondary 
schooling (Q) equal to zero, a social rate of return to 
years of public schooling can be estimated. The private 
rate of return to years of public schooling is 14.1 percent 
from equation (1). Adjustment for social cost yields an 
estimate of 12.4 percent for r’. ; 

16 Cr $6,000 corresponds approximately to annual tui- 
tion cost at private middle schools in Fortaleza during 
1979. Additional fees for educational materials (of at 
least 50 percent of tuition cost) were also normally 
charged by private schools. 

17 The inclusion of variables to control for ability and 
general learning environment differences does not alter 
this result. A simple variant of the Behrman-Birdsall 
model was estimated in which such controls were intro- 
duced. (Results are available on request.) Estimates of 
the social rates of return to quantity and quality at mean 
S and Q are 12.4 and 12.8 percent, respectively. The 
social rate of return to schooling quality thus appears to 
be more sensitive to the inclusion of these variables. 
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rience.!® Based on the findings of the em- 
pirical analysis of this comment, the cor- 
rected findings of Behrman-Birdsall, and the 
potential sources of bias noted in both, there 
is insufficient evidence to warrant a redirec- 
tion of resources by the governments of de- 
veloping countries toward deepening and 
away from widening educational invest- 
ments. 


HI. Remaining Problems ` 


No evidence has been found to indicate 
substantial inefficiency in the allocation of 
resources between schooling quantity and 
quality in Brazil. Several important issues 
remain with ‘respect to both the relative and 
absolute social rates of return to investments 
in schooling quantity and quality. The trun- 
cation problem associated with the Fortaleza 
results is probably a source for downward 
bias in both estimates rates of return. The 
national result may contain a downward bias 
to the estimated social rate of return to 
schooling quantity due to the use of the 
Behrman-Birdsall specification of the experi- 
ence variable. 

Neither analysis deals with the fact that 
individuals may be engaged in full-time work 
while they are going to school (24 percent of 
the Fortaleza sample). Externalities associ- 
ated with schooling quantity and quality are 
also ignored. The omission of treatment of 


18 Equation (1) was estimated with the Fortaleza data 
set, using the Behrman-Birdsall specification of experi- 
ence. Resulting estimates of the social rates of return to 
schooling quantity and quality are 9.1 and 14.9 percent, 
respectively. See the text and fn. 8 for a priori and 
empirical reasons for preferring the use of the more 
conventional specification of experience. If the estimates 
of social rates of return based on national data are 
equally sensitive to the specification of experience, it is 
expected that the national estimate of the social rate of 
return to schooling quantity would be greater than that 
to schooling quality. Such a result would of course be 
subject to the remaining potential sources of bias men- 
tioned in this comment and in Behrman-Birdsall. The 
dramatic change in estimated relative social rates of 
return is an indication of the need for 1) caution in the 
specification of the experience variable, and 2) further 
study with respect to postschooling investments in hu- 
man capital in the context of developing countries. 
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these two factors probably results in esti- 
mates for both rates of return in both 
analyses which are biased downwards. 

The only empirical treatment of the gen- 
eral learning environment, ability and moti- 
vation in either analysis is a superficial one 
(see fn. 17). It may be important to control 
for these factors, since educational policy is 
implemented in a given general learning en- 
vironment (in the short run). The omission of 
these factors probably imparts an upward 
bias to the estimated social rates of return (in 
the short run) to both quantity and quality. 

Finally, both analyses use proxies for qual- 
ity. The proxies almost certainly have a lower 
variance than the true quality of schooling. 
The direction of bias in the estimated coeffi- 
cients of quality is unknown under these 
circumstances. The importance of this final 
factor is that the other problems imply biases 
in the same direction for both estimated 
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rates of return, while this problem implies a 
bias which is applicable to only the esti- 
mated rate of return to schooling quality. 
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The Quality of Schooling: Reply 


By JERE R. BEHRMAN AND NANCY BIRDSALL* 


In our 1983 paper, we argue that the ex- 
clusion of schooling quality from standard 


earnings function estimates may cause some 


important misinterpretations of the impact 
of years (or quantity of schooling). As an 
empirical example we provide estimates for 
Brazilian males age 15-35 for which we re- 
port the seven following major empirical 
findings. 

From the national estimates: 


1. If the true specification is quality- 
inclusive, the standard procedure sub- 
stantially overestimates the true private 
rate of return to schooling. [p. 937] 

2. The estimated internal social rate of 
return to investment in school quality is 
larger than it is to investment in school 
quantity. .[p. 938] 

3. There probably is an important 
equity-productivity tradeoff in the alloca- 
tion of resources to schooling.  [p. 940] 


From the regional estimates: 


[4] [C]ontrol for differences in quality 
reduces substantially unexplained re- 
gional income differentials. [p. 944]. 

[5] The standard specification likewise 
overstates urban-rural differentials for 
equally schooled individuals because it 
omits quality differentials. [p. 944] 

[6] The standard approach overesti- 
mates migrant-nonmigrant differentials 
and the-probable importance of migra- 
tion selectivity on unobserved individual 
characteristics. [p. 945] 


*William R. Kenan, Jr. Professor of Economics, Mc- 
Neil 160/CR, University of Pennsylvania, Philadelphia, 
PA 19104, and Chief, Policy and Research, Population, 
Health and Nutrition Department, World Bank, 1818 H 
Street, NW, Washington, D.C. 20433, respectively. This 
paper was prepared as part of the World Bank Research 
Project 672-21, “Studies on Brazilian Distribution and 
Growth.” We are grateful to Punam Chuhan for efficient 
programming. The World Bank is not responsible for 
any view expressed here. 
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[7] Finally, the standard approach 
may result in overestimates of the 
equity-productivity tradeoff across geo- 
graphical areas. [p. 945] 


In his comment, Peter Eaton agrees with 
the possible importance of incorporating 
quality into the analysis, but criticizes pri- 
marily two dimensions of our empirical anal- 
ysis: 1) our calculation of the social rate of 
return for investments in the quantity of 
schooling; and 2) our definition of experi- 
ence. He also provides micro estimates from 
the Brazilian metropolitan area of Fortaleza 
that, in his view, seem to reinforce the 
amended implications of our analysis. We 
discuss each of these components of Eaton’s 
comment in turn. 


I. Calculation of the Social Rate 
of Return to Quantity 


In our article we present an estimate of the 
social rate of return to quantity of 6.8 per- 
cent (fn. 29), as compared to the private rate 
of return to quantity of 11.7 percent and a 
social rate of return to quality of 10.4 per- 
cent. Eaton notes correctly that there is an 
arithmetic error in footnote 29 (a failure to 
multiply a monthly earnings figure by 12 to 
obtain an annual figure) that causes most of 
the difference between our reported calcula- 
tions of the private vs. the social rates of 
return to quantity. He also proposes a mar- 
ginal instead of an average calculation, which 
makes little empirical difference in this in- 
stance. His amended estimate of the social 
rate of return to quantity is 9.8 percent,! 


lAs indicated in Table 1, by our calculation using 
Eaton’s approach this rate of return should be 9.5 
percent, with the small difference between his and our 
calculation apparently due to rounding errors in his 
calculation of the mean In income. 
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which is not substantially less than the esti- 
mate of 10.4 percent for quality. 

We agree with Eaton’s corrections and 
thank him for them. As a result, the second 
of our seven conclusions listed in the intro- 
duction, at least for the specifications in our 
article (but see below), should be amended to 
read: 2. The estimated internal social rate of 
return to quality is at least as large as is that 
to investment in quantity. Our other six ma- 
jor findings are not affected by this correc- 
tion. In his third paragraph, Eaton suggests 
that our third finding, of a probable equity- 
productivity tradeoff, also is affected. But 
it is not. A sufficient basis for an equity- 
productivity tradeoff, if one starts from equi- 
librium, is the interaction between quantity 
and quality discussed in our article.” 


I. Proxy for Experience 


We utilized as a proxy for potential “adult” 
labor force experience “...the number of 
years since leaving school one has been 15 or 
older” (p. 933). Eaton argues that the con- 
ventional proxy, the number of years since 
leaving school, regardless of the age at leav- 
ing school, is preferable on theoretical 
grounds, more consistent with our derivation 
of social returns (which assumes an im- 
mediate transition from school to work), and 
preferable on empirical grounds for his For- 
taleza sample. 

The standard proxy is more consistent with 
our derivation of social returns. However, the 
assumption required of an immediate transi- 
tion from school to work is a strong one, 
particularly in a setting where many children 
attend school for only a few years (the mean 
years of schooling for individuals in our sam- 
ple is three), and thus may be leaving school 
at ages of 10 and younger. In our sample, 
moreover, the adult experience proxy is pre- 
ferable on empirical grounds. Columns 1-4 
of Table 1 give a comparison of the national 


?The text on p. 941 of our earlier article might 
suggest that the third finding also is affected, since the 
first point there refers to the second finding. The quan- 
tity-quality interaction is mentioned as the second point 
on p. 941. 
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estimates with the alternative experience def- 
initions for both the standard model and 
our quality-inclusive model. For both the 
standard semilog relation and our quality- 
inclusive relation, the standard errors of 
estimate are smaller with the use of our adult 
potential experience measure than with the 
standard experience measure. 

In case some readers, nevertheless, have a 
strong a priori preference for the standard 
experience measure, we briefly discuss how 
its use changes our conclusions. The use of 
standard experience results in substantially 
higher estimates of the rate of return to years 
of schooling and about the same estimates of 
the rate of return to schooling quality in our 
quality-inclusive specification. Based on these 
estimates, our original second result and the 
amended version of it suggested by Eaton 
are both incorrect. Instead, the implied social 
rate of return is much higher for quantity 
than for quality of schooling. This implies 
considerable current inefficiency in the allo- 
cation of schooling resources, with too many 
resources dedicated to school quality. Based 
on casual observation of the school system in 
Brazil, which—especially in the poor areas 
of the northeast—is characterized by high 
repetition and drop-out rates, the finding 
that too many resources are going to school 
quality compared with quantity is surprising. 
It certainly suggests that the standard defini- 
tion of experience should not go unques- 
tioned in settings where many children leave 
school well before the age of 15, but may or 
may not immediately begin full time work. 

All of the other results, in any event, con- 
tinue to hold for these estimates as well as 
for our earlier ones. On the national level, 
for example, the standard quality-exclusive 
estimate using the standard experience mea- 
sure overstates the private rate of return to 
schooling by 8.5 percent at the point of 
sample means if the true model is the qual- 
ity-inclusive one, as compared with an over- 
statement of 8.8 percent in our original com- 
parison with the adult experience measure. 
Thus our first finding still holds. Likewise, 
due to the interaction between quality and 
quantity, the third finding of a productivity- 
equity tradeoff still holds if one starts from 
equilibrium (with the social rates of return to 
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TABLE 1-—-STANDARD AND PREFERRED QUALITY-INCLUSIVE LN INCOME FUNCTIONS WITH ADULT AND 
STANDARD POTENTIAL EXPERIENCE MEASURES FOR BRAZILIAN MALES, AGE 15-35 1N 1970? 
: ; Extended Quality- 
Standard Relation Quality-Inclusive Relation Inclusive Relation 
Adult Standard Adult - Standard Adult 
Right Side _ Experience Experience Experience Experience Experience 
Variables (1) (2) (3) (4) (5) 
S ’ .205 328 —.185 — .064 —.135 
i (38.1) (51.7) (2.6) ` (0.9) (1.9) 
S-Q 037 .039 —.0027 
(2.4) (2.5) (0.2) 
S-Q? —.0003 — .0005 0040 
(0.3) (0.6) (4.3) 
s? 5 .0350 
(4.6) 
s? .0013 
(5.6) 
s?o — .0057 
Bad (9.1) 
E 303 - (249 -304 .254 .303 
(25.6) (17.9) (26.1) (18.6) (26.3) 
E? —.0090 — .0038 —.0091 — .0040 —.0091 
(15.6) (9.2) (16.0) (9.9) (16.2) 
In Y% 2.15 0.74 2.24 0.81 2.19 
R? .345 .326 391 350 381 
S.E. E. 1.444 1.464 1.415 _ 1.438 1.403 . 
Private Rate of Return 
to S? i 20.5 32.5 11.7 24.0 9.5 
Social Rate of Return 
to S? 17.1 27.0 9.5 20.2 . 75 
Social Rate of Return f 
to Q? - - 10.4 9.6 10.0 


4§ = years of schooling or schooling quantity, Q = schooling quality, 


E = experience, and Yg = the zero-schooling 


income level. The data, models, and most of the derivations are discussed in our 1983 article (though there is a 
typographical error in relation (6’) in that the penultimate, not the last term, should be divided by q). Eaton’s method 
is used to calculate the marginal social rate of return to schooling. The rates of return all are calculated at the sample 
means. The absolute values of the ¢-statistics are shown in parentheses, Adult experience refers to potential 
postschooling experience above the age of 15. Standard experience refers to age minus years of schooling minus six. 


>Shown in percent. 


quality and quantity equated), though these 
estimates suggest that—starting from the ac- 
tual location—initial broadening of school- 
ing would be most productive and also would 
move Brazilian society towards more equal 
distribution. 

‘However, the result regarding the relative 
magnitudes of the implied social rates of 
return to quality and to quantity of school- 
ing is sensitive to the exact specification. To 
illustrate, Table’1 (col. 5) gives estimates of 
an extended quality-inclusive model with 
adult experience. We prefer this extended. 


model over the specifications in our. original 
paper on a priori grounds because it allows 
diminishing returns to schooling quality. It 
also is preferred empirically in the sense that 
the standard error is smaller for this specifi- 
cation than for any.of the others in the table 
(as well as for an extended specification with 
the.standard experience measure). With this 
specification, the social rate of return to 
schooling quality is higher than that to 
schooling: quantity—which is consistent with 
the original second conclusion (and not the 
amended version) of our article. 
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Ill. Eaton’s Estimates for Fortaleza 


Eaton notes several advantages and disad- 
vantages of using micro survey data from a 
small population versus our national esti- 
mates. We basically agree with the ad- 
vantages that he states for each approach,** 
though we do not know how to trade off the 
relative advantages to decide which estimates 
are better, and do not think that Eaton knows 
either. We do note that Eaton’s procedure 
assumes that all public schools have homoge- 
neous quality and that all private schools 
have homogeneous quality, even though by 
most measures there probably is substantial 
variance within both types of schooling. 
Given such problems, it is somewhat gratify- 
ing that in general terms Eaton sees his 
estimates as pointing to the same findings 
(including the amended second one) as do 
our original results. 

In conclusion, Eaton’s comments are use- 
ful. But reflection upon them basically leads 


3In fact, in our 1984 article, we have placed consider- 
able emphasis on biases due to cost-of-living variation 
across space (as well as other geographical biases), which 
is one of the biases that Eaton emphasizes. 

4But neither his sample nor ours controls for some of 
the variables that he mentions, such as “motivation and 
ability.” For efforts to do so with special data for 
developing countries, see Behrman and Barbara Wolfe 
(1984) and Jane Armitage and Richard Sabot (1983). 
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to a reaffirmation of our earlier emphasis on 


the importance of schooling quality and on 
most, if not all, of our original empirical 
findings. The one result that seems particu- 
larly sensitive to the exact specification is 
the relative magnitude of the social rates 
of return to quality and quantity. In our 
preferred quality-inclusive extended model, 
though not in all specifications, the social 
rate of return is higher for schooling quality 
than for schooling quantity. 
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The Economics of Performing Shakespeare: Comment 


By EDWIN G. WEst* 


In a recent article in this Review (1984) 
James Gapinski provides an interesting at- 
tempt to determine whether the benefits of 
public patronage going to the Royal Shake- 
speare Company (RSC) exceed the cost. The 
method adopted involves the measurement 
of the benefits from public subsidy as the 
resulting gain in consumer’s surplus. Gapin- 
ski concludes that since the quantified bene- 
fits of real consumers’ surplus (£900,204) ex- 
ceed the real costs of patronage (£761,937) 
by the proportion of 1.18, the subsidy more 
than “pays” for itself and is therefore 
justified. 

I wish to make the following points: (a) a 
complete analysis requires that allowance be 
made for the fact that real world taxation 
entails deadweight loss, and that the cost of 
it should be included accordingly; (b) plausi- 
ble estimates of deadweight loss are more 
than enough to reduce Gapinski’s benefit-cost 
ratio to less than unity; (c) a closer scrutiny 
of “patronage,” that involves corporate as 
well as public donations, indicates that 
Gapinski’s market demand curves for theater 
entertainment are underestimates since there 
are additional (joint) demand curves requir- 
ing to be (vertically) added; (d) before one 
can declare that a public subsidy is “justi- 
fied,” some discussion is required of the na- 
ture of those subsets of the population that 
consume the benefits. Since the typical 
theater audience is disproportionately edu- 
cated and enjoys above average income, seri- 
ous issues of distribution are involved that 
are not resolved in Gapinski’s findings. 


I. Deadweight Loss from Taxation 


It is well known that in the real world a 
perfect (neutral) tax system does not exist. 


*Carleton University, Ottawa, ON, K1S5B6 Canada. 
I thank Dan Usher and Halldor Palsson for helpful 
comments. 
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Imperfect tax institutions meanwhile entail 
deadweight loss and, following Joseph Stig- 
litz and Partha Dasgupta (1971), Anthony 
Atkinson and N.H. Stern (1974), and Edgar 
Browning (1976), this fact leads to a modifi- 
cation of Samuelson’s rule for optimum pub- 
lic good supply. Whereas the latter requires 
that the sum of marginal benefits equal con- 
ventional marginal costs, the presence of 
deadweight loss dictates that the former 
should exceed the latter by some appropriate 
magnitude. 

Dan Usher (1983) has shown that the logic 
of this modification to the Samuelson rule 
requires a fundamental reorientation of ben- 
efit-cost analysis. Because of deadweight loss 
from taxation, a public sector project should 
be undertaken, Usher argues, if and only if 
the ratio of benefits to cost exceeds a certain 
parameter S, that depends on the prevailing 
tax structure. He shows that 


(1) S=1/(1+ re), 


where r is the tax. rate and e is the price 
elasticity of demand for goods. He also dem- 
onstrates that S, the private cost of public 
funds, is greater than 1 because the price 
elasticity of demand e is negative. On this 
reasoning, Gapinski’s benefit-cost estimate of 
1.18 does not pass muster until compared 
with the variable S. This leads of course to 
the question what magnitude of S to apply 
in the British case. 


Il. Appropriate Estimates of Deadweight Loss 


Browning produced an estimate of S$ (in 
the United States) of 1.16. If this were ap- 
propriate for Britain, Gapinski’s benefit-cost 
ratio of 1.18 would only just pass Usher’s 
test. There are reasons, however, to believe 
that the relevant $ parameter is much greater 
for Britain than for the United States. First, 
the tax rate 7 (representing the proportion of 
the GNP taxed) is larger in Britain than in 
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the United States. If we assume similar price 
elasticities of demand for goods (e), then the 
denominator in equation (1) is increased by 
the larger + for Britain. The result is a higher 
S factor than for the United States. Second, 
Usher’s analysis demonstrates a wider range 
of influences upon S, including the extra 
welfare costs of tax evasion and tax collec- 
tion. The latter, in fact, turn out to be quite 
significant in his empirical estimates. Incor- 
porating all these considerations Usher has 
estimated an S factor for Canada (which is a 
closer comparison for Britain) of 2.19. If 
applied to Gapinski’s case study, such a figure 
would unambiguously reject his empirical 
benefit-cost claim. 


Ill. The Meaning of Patronage 


Although not defined in his article, the 
term “patronage” is employed by Gapinski 
simply to denote subsidy from local and 
central government taxation. As well, he 
often appears to imply that the purpose of 
the subsidy is that of a straight gift. At the 
same time, and referring to William Baumol 
and William Bowen (1966), he argues that 
the RSC cultural experience is partly a pub- 
lic good (p. 465, fn. 12). To be consistent, 
therefore, Gapinski requires a system of 
vertically added demand curves. He derives 
his social demand curve, however, from data 
relating to market (ticket) information exclu- 
sively. But, if the RSC production is a public 
good, then presumably individuals other than 
direct users obtain some benefit. Baumol and 
Bowen, for instance, argue that nonusers 
“take pride in the international recognition 
conferred on our singers and the creativity of 
our choreographers” (p. 383). Such utility 
functions must be translated into pseudo de- 
mand curves which, when added (vertically) 
to others, and to Gapinski’s market demand 
curve, produces the required comprehensive 
social demand schedule. 

If significant at the margin, these public 
good considerations would generate higher 
demand curves for the Aldwych and Strat- 
ford outputs than is shown in Gapinski’s 
Figure 1. Conceivably, too, the consumers’ 
surplus under the social demand curve could 
now be so large (compared with the surplus 
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under Gapinski’s demand curve) as to gener- 
ate a benefit-cost ratio that exceeds the S 
factor discussed above. In this case it could 
indeed be argued that the subsidy pays, or 
more than pays, for itself. Unfortunately we 
have no data relating to the pseudo demand 
curves. The problem here, of course, is the 
absence of an efficient demand revelation 
process. Without the latter we are left with 
simple assertions that Shakespearian theater 
production is a public good or involves sig- 
nificant external benefits. The assertions 
moreover are usually made by interested par- 
ties. To the extent that the wider public has 
been consulted on the subject at all it has 
usually been in opinion polls. Such studies in 
the United States indicate ambiguous public 
attitudes toward art and culture. The 1973 
National Study by Louis Harris and Associ- 
ates (1975) for the Associated Councils of 
the Arts, for example, found that respondents 
(16 years and older) had more respect for 
bus drivers and professional baseball play- 
ers than for art critics, poets, ballet danc- 
ers, and professional actors.! 

The term patronage strictly includes pri- 
vate as well as public “donors.” It has been 
estimated for instance that in 1980-81 about 
£65 million was contributed by private busi- 
ness to British arts projects. To describe 
such private company funds directed to the 
arts as “donations,” “support,” or “private 
philanthropy,” is misleading. It can be 
strongly argued that such funds are intended 
primarily for the promotion of private com- 
panies rather than support for the arts. As a 
vehicle for advertising and promoting good- 
will, the arts appear to be seen by more and 
more companies as “cheaper than sports, 
higher profile than education and more up- 
beat than health and welfare...” (Sarah Iley, 
1982, p. 142). A given Masterpiece Theater 
production for television, for instance, may 
be “made possible by a grant from Mobil 


1The respondents were asked whether they had “a 
great deal of respect” for various occupations or pro- 
fessions. Heading the list with 82 percent were doctors; 
poets, actors, ballet dancers and art critics scored 35 
percent or less. 

?See Muriel Nissel (1983, p. 36). 


1208 THE AMERICAN ECONOMIC REVIEW 


Corporation” but, simultaneously, profitable 
advertising is “made possible” for the Mobil 
Corporation. 

Partnerships between businesses and the 
arts can best be conceptualized in terms of 
joint supply models. In the absence of 
government subsidy, the price of theater 
tickets to consumers is the cost of the whole 
theater production minus what can be ob- 
tained from the purchase by business corpo- 
rations (through the arts media) of advertis- 
ing and goodwill. Similarly the price of the 
latter is the total cost of the theater produc- 
tion minus earned income from ticket sales. 
Again, for a complete analysis, we require 
separate and (vertically) additive demand 
functions. If, finally, we allow for govern- 
ment subsidies and assume that these corre- 
spond to purchases in the “market” for ex- 
ternal benefits for citizens generally, then we 
have at least three classes of markets all of 
which are integrated via a grand joint supply 
model.’ 


IV. Benefit Distribution 


Gapinski’s conclusion that a public sub- 
sidy to the RSC theaters is justified, neglects 
attention to the distribution of benefits. Some 
observers have warned that, normatively, it is 
difficult to justify public funding of the arts 
if the audience is composed of a small, well- 
to-do segment of the population. Interna- 
tional studies of audiences in fact indicate a 
high- or middle-income bias. Baumol and 
Bowen found for the United States, “the 
median family income among a typical audi- 
ence is roughly twice as high as that for the 


IIt is for this reason that the custom (started by 
Baumol and Bowen) of focusing upon what specialists in 
cultural economics now call the “income gap” in the 
performing arts is not helpful. The income gap is usually 
described as measuring the amount of “outside support” 
or patronage a company needs in order to produce and 
present live performing arts; it represents the difference 
between the costs of putting on live performances and 
the direct earnings at those performances. In the model 
outlined above, however, there is strictly no income gap. 
There are joint and interdependent markets for services, 
each of which generates sufficient income to cover its 
costs. 
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total urban population” (p. 84). Over 60 
percent of the audience for each art form 
consisted of middle-class people in the pro- 
fessions and all exhibited an extremely high 
level of education. Estimates for Australia 
show that the bottom one-third of house- 
holds by income class contribute about 30 
percent of the costs of arts subsidy and enjoy 
only 10 percent of the benefits, whereas the 
top 25 percent of households enjoy 55 per- 
cent of the benefits while contributing only 
30 percent of the costs. In England, the 
General Household Survey shows that only 
15 percent of the visitors to the theater, 
opera, and ballet are in the semi- and un- 
skilled manual trades.° 

Gapinski argues that his type of benefit- 
cost analysis of the arts is a useful tool for 
policy formulation and particularly at a time 
when governments seek ways to cut a 
government deficit. Such a policy, he sug- 
gests, might be wrong because “inasmuch as 
decreased funding of the arts would reduce 
employment and output, would raise price, 
would destroy surplus, and would compro- 
mise a government program that has merit 
on economic grounds. The issue is hardly 
one-dimensional” (p. 465). With the last 
sentence one can heartily agree. But a dimen- 
sion that must be included in the discussion 
is surely the distribution of benefits. Times 
of recession especially would appear to be 
appropriate occasions to attempt to relieve 
the low-income groups generally, and the 
unemployed, in particular, from having to 
contribute taxes for the supply of services 
used predominantly by the well-educated, 
the employed and the generally well to do. 
As for the destruction of surplus, mentioned 
in the above quotation, one must repeat that 
Gapinski has not really demonstrated its ex- 
istence in the first place. To do so, as argued 
above, one needs elaborate information on 
the various components of the social demand 
curve (a wider concept than the market de- 
mand curve) together with an incorporation 
into the analysis of deadweight loss from 


4See C. D. Throsby and G. A. Withers (1979, p. 188). 
See Nissel, p. 146. 
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taxation, for such loss, according to current 
empirical studies, is far from trivial. 
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The Economics of Performing Shakespeare: Reply 


By JAMES H. GAPINSKI* 


King. Have you heard the argument? 
Is there no offence in’t? 
Hamlet. No, no; they do but jest, 
poison in jest; no offence i?’ th’ world. 
Hamlet 


The comment by Edwin West addresses my 
1984 benefit-cost analysis and, more specifi- 
cally, its conclusion that the subsidy received 
by the Royal Shakespeare Company (RSC) 
is justified. West maintains that a broader 
inquiry may reverse that judgment, and he 
raises three main points for discussion: 
deadweight loss, pseudo demands, and ben- 
efit distribution. 

I shall consider these matters seriatim. 
First, however, it should be recalled that the 
original analysis took a narrow stance de- 
liberately and that footnote 14 conveyed the 
message. Because of difficulty in determining 
how much patronage went to Aldwych and 
Stratford activities alone, RSC patronage 
obtained from all sources, public and private, 
was treated as if it applied only to those two 
centers. But, besides performing there, the 
RSC, over the financial years 1968-69 to 
1977-78, worked The Warehouse, The Other 
Place, Theatregoround and other domestic 
tours, overseas proscenia, and television inter 
alia. Therefore assigning total patronage ex- 
clusively to the centers imparted a bias that 
favored the case against the subsidy. Never- 
theless, the investigation did omit deadweight 
loss. 

Prompted by West’s remarks on the 
subject, I resurrected the data to try to ob- 
tain a rough but reasonable estimate of 
Aldwych and Stratford patronage. In the 
exercise, patronage was distributed concep- 
tually across all RSC activities on the 
premise that each activity shared the total in 
the same proportion that it shared total ex- 
penses.! No attempt was made to separate 


*Florida State University, Tallahassee, FL 32306. 
1This premise follows the allocation rule referenced 
by Steve Barsby (1972, p. 14). 
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private gifts from public ones. Table 1, which 
presents the pertinent details, indicates that 
nominal patronage going exclusively to the 
centers averaged £513,778, about 85 percent 
of the total. With the mean of the Retail 
Price Index amounting to .801, this figure 
becomes £641,421 in real terms. Benefit, the 
increase in real consumers’ surplus at the 
centers, still registers £900,204 enabling the 
benefit-cost ratio to rise from 1.18 to 1.40.? 
These calculations ignore an important side 
effect of the subsidy; namely, the additional 
tax collections coming from both increased 
ticket sales and increased labor income. As 
the earlier Table 3 indicated, a profit-maxi- 
mizing Aldwych sells 16,528 tickets at a real 
price of £3.78 including the value-added tax 
(VAT). A VAT rate of 8 percent, not inap- 
propriate for the period in focus, therefore 
means a pretax real price of £3.50 and a real 
VAT levy of £0.28 per ticket for a total of 
£4,628. Under actual (subsidized) conditions 
the Aldwych sells 234,045 tickets at a real 
tax-inclusive price of £1.77 and pays a real 
VAT of £30,426, an increase of £25,798 over 
the profit maximizer. Similarly, actual Strat- 
ford generates £9,153 more in real VAT than 
does a profit-maximizing Stratford bringing 
the combined VAT increase to £34,951.? Ta- 
ble 3 likewise showed that patronage ex- 
pands employment by 461,448 man-hours at 


?If Aldwych and Stratford patronage were computed 
as the mean of reals, it would read £577,991, and the 
benefit-cost ratio would be 1.56, not 1.40. The method 
used in the text here duplicates that found in the text of 
the original paper. 

3Tax revenues may suffer as consumers are lured to 
the RSC from other pursuits. However, tax losses from 
reduced endeavors outside the performing arts may be 
more than recouped by collections derived from the 
amenity package that, according to William Baumol and 
William Bowen (1966, pp. 261-63; 498) and to Harry 
Kelejian and William Lawrence (1980, p. 335), often 
accompanies a night at a live performance. Due to the 
absence of data, such ancillary minuses and pluses are 
presumed to exactly cancel. This presumption holds 
throughout. 
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TABLE 1—-BUDGETARY CHARACTERISTICS OF THE RSC® 























Nominal Expenses Nominal Patronage 
Aldwych Aldwych 
and Expense and 

Financial Year Total Stratford Ratio? Total Stratford 
1968-69 1,149,917 904,544 .787 229,650 180,735 
1969-70 1,129,772 975,955 364 236,450 204,293 
1970-71 1,231,480 1,011,058 321 280,670 230,430 
1971-72 1,425,203 1,173,398 323 303,100 249,451 
1972-73 1,534,515 1,362,369 B88 430,124 381,950 
1973—74 1,745,297 1,487,179 .852 409,387 348,798 
1974-75 2,000,781 1,829,471 314 694,011 634,326 
1975-76 2,409,202 2,004,028 832 792,510 659,368 
1976-77 3,174,084 2,576,736 812 1,231,919 1,000,318 
1977-78 3,825,442 3,186,246 833 1,498,335 1,248,113 
Mean 1,962,569 1,651,098 843 610,616 513,778 





Sources: RSC annual reports, Report of the Council, Council of the Royal Shakespeare Theatre and findings by Trevor 


Gambling and Gordon Andrews (1982). 
a Nominal figures are denominated in unit pounds. 


> Expense ratio equals nominal expenses for Aldwych and Stratford divided by total nominal expenses. 


the Aldwych and by 345,640 hours at the 
Stratford. With the before-tax real wage 
averaging £1.27 in the South East and £1.29 
in the West Midlands for the period, the 
employment gains translate into extra real 
income-tax receipts of £361,170, behind 
which tally stands the marginal tax rate of 35 
percent reported by Joseph Pechman (1980, 
p. 245) for the U.K. experience. 

The real VAT and income-tax increments 
sum to £396,121. They partially offset the 
RSC subsidy, and they boost the benefit-cost 
ratio to 3.67, a value well above the 2.19 
guide cited by West for a comprehensive 
situation that covers deadweight loss and 
other concerns.’ If one cares to continue the 
drill by including the benefits associated with 
the pseudo demands mentioned by West, 
then the arithmetic becomes even more com- 
pelling in favor of the subsidy. 

On the distribution of benefits, the prior 
effort ignored it in keeping with a strong 
iradition which dates back at least to the 


“Precedents for cost offsets in applied studies are 
given by Barsby (pp. 122; 127) and by the U.S. Congres- 
sional Budget Office (1976, pp. vi; 36-41). Richard 
Musgrave and Peggy Musgrave (1973, p. 179) present 
the textbook view. 


mid-1930’s and which, the revisionists not- 
withstanding, has been sustained by the likes 
of Richard Musgrave (1969, pp. 803-04), 
Arnold Harberger (1971, pp. 785; 795), and 
E. J. Mishan (1982, pp. 30-31; 42-43). Per- 
haps West’s quarrel should be directed more 
at the U.K. tax-transfer system in general 
than at the RSC subsidy in particular. Fur- 
thermore, his description of the RSC audi- 
ence as a small and affluent segment of the 
population misses the community involve- 
ment that typified the Company during the 
period. In describing the RSC’s Theatre- 
goround, begun in 1965, David Adden- 
brooke observes that “two or three times a 
week, six actors, using a portable stage and a 
handful of props, staged performances in 
schools, youth clubs, canteens, evening in- 
stitutes, Town Halls and housing estates—in 
fact anywhere that a group of people could 
gather to form an audience” (1974, p. 68). 
Although Theatregoround vanished in 1971, 
it reappeared in spirit a few years later as 
Sally Beauman (1982, pp. 311; 344-45) notes. 

Numbers entering benefit-cost computa- 
tions ordinarily entail doses of arbitrariness. 
Dan Usher (1983, pp. 40-47), whose 2.19 
result tecomes the gauge for West, confirms 
this point himself and argues that 2.19 should 
be regarded as mnemonic rather than as law. 
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Indeed the figures leading to the 3.67 ratio 
have their share—or possibly more than their 
share—of arbitrariness, and therefore quib- 
bles either way are almost inevitable. Yet 
given the magnitudes involved, there seems 
to be little reason for rejecting the original 
conclusion that the RSC subsidy is justified. 
It is, despite the comment by West. 

In the present context, Hamlet should be 
interpreted literally. 
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Can Unemployment Be Involuntary?: Comment 


By LORNE CARMICHAEL* 


The last few years have seen the publica- 
tion of several papers on “efficiency wage” 
models of unemployment.! The chief ad- 
vantage of this approach seems to be its 
prediction that “genuine involuntary unem- 
ployment”? can exist in a labor market with 
no artificial constraints on wage flexibility, 
and where all agents are rational income (or 
utility of income) maximizers. The result de- 
pends on the existence of a positive relation- 
ship of sufficient strength between the pro- 
ductivity of a worker and the wage he is 
paid. With this assumption the firm’s profit- 
maximizing wage will be independent of 
labor supply conditions, and unemployed 
workers will find employers unwilling to hire 
them even if they offer to work at lower 
wages. 

One of the major objections to the ver- 
sions of this model in which higher wages 
reduce the worker’s incentives to shirk, or to 
quit, is the fact that unemployed workers 
should offer to pay “entrance fees” or bonds 
to work at these firms. Since the entrance fee 
is a sunk cost once the worker actually 
starts his job, it will not affect his incentives 
to work hard or quit prematurely. The en- 
trance fee will reduce the expected value of 
the firm’s offer down to that of the alterna- 
tive, and the involuntary nature of the unem- 
ployment disappears. There have been two 
responses to this argument. The first is that 
imperfect capital markets may prevent work- 
ers from paying a sufficiently large fee, and 


*Queen’s University, Kingston, ON K7L 3N6 Can- 
ada. 

1See, for example, James Malcolmson (1981), Steven 
Salop (1979), Andrew Weiss (1980), Carl Shapiro and 
Joseph Stiglitz (1984), and the survey by Janet Yellen 
(1984). 

2The wording of the definition of this term varies 
across papers, but the basic idea is that an unemployed 
worker’s reservation wage is strictly below the wage 
offered by firms to those new workers that they hire, but 
for some reason there are no vacancies. 
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the second is that the firm may simply take 
the bond, claim that the worker has shirked, 
and fire him. 

There are now a handful of papers that 
suggest that an exact solution to the moral 
hazard problem can be achieved.? The pur- 
pose of this comment is to show that the 
presence of an imperfect capital market, or 
an imperfect mechanism (such as reputation) 
for preventing moral hazard is not sufficient 
to prevent the emergence of bonding and the 
elimination of unemployment as a mecha- 
nism for enforcing worker discipline. As a 
consequence, the involuntary nature of the 
unemployment in these efficiency wage mod- 
els must depend entirely on an artificial (al- 
though perhaps quite realistic) constraint 
such as minimum wage laws for new workers. 

The argument is extremely simple. Con- 
sider first the case where firm moral hazard is 
not a problem, but where capital markets are 
absent. Consider an unemployed worker in 
the steady-state Shapiro-Stiglitz labor market. 
We assume his utility function is intertem- 
porally separable, so that the discounted util- 
ity of staying unemployed for one more 
period is given by 


(1) V,=U,(u,)+ dV,, 


where u, is unemployment benefits in period 
t, and 6 is the discount factor. If this worker 
gets a job offer in period ¢ to work in period 


3For example, in a world with perfect capital markets 
the workers could pay their bonds into a pension fund 
with the following property. If the worker stays, he gets 
his bond and more back as a pension. If he leaves he 
loses his bond, but the firm does not get the money (as it 
would under the usual defined benefit plans). Rather, 
the other workers who do stay with the firm would find 
their pensions increased. The firm is therefore indiffer- 
ent to the size of the bond and the moral hazard 
problem goes away. This basic idea can be found in 
papers by Sudipto Bhattacharya (1984), my 1980 dis- 
sertation and 1983 article, and Malcolmson (1984). 
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t+1 at the wage w, his discounted utility is 


where c is the entrance fee, V, the value in 
period ¢ of the offer, and V, the value of 
being employed at the wage w. Consistent 
with the incentive story we have V,,>V,. In 
the absence of artificial wage constraints and 
firm moral hazard, it is obvious that in a 
competitive environment the entrance fee for 
such a job will be bid up until V,=V,. The 
only requirement is that, as the worker ap- 
proaches starvation in the current period, his 
utility can be made arbitrarily low relative to 
the utility of working. 

The point is so obvious that it barely 
needs restating. When capital markets are 
imperfect, an efficiency wage firm cannot 
charge a fee that is large enough to reduce 
the expected value of a worker’s lifetime 
wages down to that in his alternative. Fewer 
workers will therefore be hired than in a 
world of perfect capital markets, and the 
unemployment rate will be higher. However, 
the firm can certainly charge a fee sufficient 
to make the expected utility of its offer equal 
to that of the alternative. The involuntary 
nature of the unemployment disappears. 

Explicit consideration of the moral hazard 
problem under an imperfect enforcement 
mechanism such as the firm’s reputation will 
also lead to the same result. This time as the 
entrance fee grows, the probability of a fire 
rises. So long as this relationship is continu- 
ous, then it is again obvious that an equi- 
librium with the expected income of the al- 
ternative equal to the expected income of the 
firm’s offer will obtain, this time since the 
probability of a fire has gone up. Unemploy- 
ment is again higher than in a world with no 
moral hazard, but it is not involuntary since 
the expected utility of an offer to an unem- 
ployed worker equals that of his alternative. 

There are, of course, other constraints that 
can be put on first-period wages to retain the 
involuntary unemployment. Minimum wage 
laws are perhaps the best example. In this 
sense, perhaps, the lesson from these models 
is that minimum wage laws can have im- 
portant effects on markets other than those 
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for unskilled and teenage workers.4 How- 
ever, the involuntary nature of the unem- 
ployment will ultimately depend on an artifi- 
cial wage floor just as it does in the naive 
Keynesian models. 


* The old-fashioned system of apprenticeship in skilled 
trades in some cases required workers to pay for their 
training—not unreasonable since they were taking up 
other workers’ time, using up materials, and their output 
was not of sufficient quality to be sold. See Masanori 
Hashimoto (1982) for an analysis of the effects of 
minimum wages on training. 
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Can Unemployment Be Involuntary?: Reply 


By CARL SHAPIRO AND JOSEPH E. STIGLITZ* 


The central message of the efficiency wage 
models! is that firms may not lower their 
wages, even in the face of unemployment, if 
net productivity depends on wages. Lower 
wages could increase rather than decrease a 
firm’s net labor costs. As a result, wage rigid- 
ities and unemployment arise in efficiency 
wage models. 

Since these models were first promulgated, 
labor market economists have questioned 
whether one could avoid involuntary unem- 
ployment with more complex contractual 
arrangements. In the context of the labor 
turnover model, the question has been asked, 
“Could not workers themselves pay for the 
turnover costs?” Lorne Carmichael, in his 
comment on our 1984 paper, poses the ques- 
tion, Could not individuals purchase their 
jobs? If they could, would not the “price of a 
job” clear the “market for jobs,” in the sense 
that a marginal individual would be indiffer- 
ent between remaining unemployed and pur- 
chasing a job? 

At one level, the issue here is just a matter 
of semantics. It is little different from the old 
story that so long as there is a competitive 
labor market anywhere in the economy (grape 
picking in California) all unemployment must 
be voluntary, since any individual could have 
moved to California (“purchased a job”). To 
us, the fact that during the Great Depression 
.20 or 25 percent of the labor force in Chicago, 
workers who were once gainfully employed, 


*Woodrow Wilson School of Public and Interna- 
tional Affairs and Department of Economics, respec- 
tively, Princeton University, Princeton, NJ 08544. 

l These models have a long history. References to the 
importance of the connection between worker quality 
and productivity can be found in Marshall (1928) and 
Weber (1925). The more recent interest in development 
economics dates to the work of J. Leibenstein (1957), 
James Mirrlees (1975), and Stiglitz (1976). In macroeco- 
nomics, early contributions include those of Stiglitz 
(1974), Steven Salop (1979), Andrew Weiss (1980), and 
G. A. Calvo (1979). For a more extensive survey, see 
Stiglitz (1984). 
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were sitting idle at home, willing to work at 
the going wage in Chicago, suggests a mas- 
sive market failure, regardless of whether one 
says that, because of their decision not to 
migrate to California, they were voluntarily 
unemployed. As Carmichael points out in his 
comment, even if the market for job open- 
ings operated smoothly, there still might be 
unemployment; only the label we attach to 
that unemployment would change. 

Our concern in developing the efficiency 
wage model has been to help explain the 
level of unemployment and its fluctuations, 
and to ascertain whether, under the stipu- 
lated circumstances, the market outcome is 
efficient. Our paper shows that the market 
outcome is generally not efficient, regardless 
of how one labels the unemployment. This 
would be true whether firms could charge 
applicants for jobs or not. There are grounds 
for government intervention to alter the 
unemployment rate. At the same time, our 
analysis provides an important caution to 
government policy: some policies, such as 
mandatory unemployment insurance, aimed 
at alleviating the problems of the unem- 
ployed, may actually lower welfare and in- 
crease the level of unemployment. These re- 
sults are quite independent of whether the 
unemployment is labelled voluntary or not. 

The efficiency wage theory also provides 
an explanation of wage dynamics: it explains 
why one firm may be slow to lower its wages, 
until other firms do so. In fact, in the labor 
turnover version (Stiglitz, 1974) there may 
exist multiple equilibria. There may exist a 
high-wage equilibrium with a high level of 
unemployment and a low-wage equilibrium 
with a low level of unemployment. This re- 
sult is also independent of the feasibility of 
workers buying their jobs. 

There is a second level at which the possi- 
bility of entrance fees for jobs is not of much 
concern: the fact of the matter is, in modern 
economies individuals do not for the most 
part purchase jobs. Workers also do not bear 
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all of the training and turnover costs them- 
selves, so firms are concerned with the 
turnover of their labor force. Therefore, the 
efficiency wage theory is directly relevant. 

Still, the possibility that individuals might 
purchase jobs or pay for their training costs 
poses two difficult questions to which we 
have given some thought over the past few 
years. First, why do we not see job purchases 
more frequently? Second, are there condi- 
tions under which there is unemployment 
(job rationing) in the narrow sense of the 
word despite the possibility of entrance fees? 

The answer to the second question is “yes.” 
Indeed, the original nutritional wage produc- 
tivity models are precisely of that form: 
forcing individuals to accumulate capital to 
finance a job purchase may have deleterious 
effects on their on-the-job productivity. But 
even in more developed economies, the 
answer may be yes. Among individuals with 
capital, it may be the less able that apply for 
employment at any given “job price;” the 
more able can do better by being self-em- 
ployed. Thus, as the price of a job is 
increased, the mix of applicants may change 
adversely. These quality-efficiency wage ef- 
fects interact with the incentive-efficiency 
wage effects in such a way as to result in 
unemployment. 

Efficiency wage theory provides further in- 
sights into why firms may not be able to 
charge the market-clearing price for jobs 
(besides the adverse selection effects that arise 
when the price of a job is increased). There 
may also be important incentive effects: 
workers’ incentives may be adversely affected 
if they feel that they have been unfairly 
treated. In terms of our model, effort e may 
decrease, and the propensity to quit, b, may 
increase with increases in the entrance fee at 
a particular job. These changes will necessi- 
tate a higher wage w, in order to induce 
workers not to shirk. The firm’s total wage 
costs may actually increase as a result of 
increasing the price charged for the job. 

But this is not the only argument against 
the use of fees for purchasing jobs. Another 
important theoretical argument against en- 
trance fees is the double moral hazard prob- 
lem: individuals will be concerned about 
putting money up front, less the firm take 
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their money and either fire them or make 
their job so unpleasant as to induce them to 
quit. Though there are ways of mitigating 
this firm moral hazard problem, such as rely- 
ing on firms’ reputations, none are fully 
satisfactory. Even small entrance fees can 
reduce (discontinuously) the demand for jobs, 
since firms could simply go into the business 
of collecting entrance fees and then firing 
workers. In our 1984 paper, we discussed 
bonding at some length; entrance fees are a 
particular way in which employees might 
post bonds. 

Firm moral hazard problems, and the 
incentive and adverse selection effects of 
charging entrance fees for jobs, are each 
sufficient to explain why job purchases are 
not more prevalent, and why, even where 
they might exist, the market for jobs may not 
function well. 

Carmichael is right, however, in pointing 
out that other arguments sometimes put for- 
ward against the efficacy of job purchases 
cannot explain involuntary unemployment 
(in the particular sense in which he uses the 
term). Thus, limitations on individuals’ cap- 
ital may explain why the price for jobs is 
low, but so long as individuals have some 
capital, the marginal individual will be in- 
different between remaining unemployed and 
buying a job. 

In other contexts, R. Arnott and Stiglitz 
(1985) have shown how risk aversion implies 
that workers will not pay all of their specific 
training costs. Similarly, risk aversion ex- 
plains why individuals might be loathe to 
pay for a job, since there is some chance that 
they will be ill-matched for the job (or other- 
wise have to leave the job), in which case the 
money they have put up front will be lost. 
But again, risk aversion will explain why the 
price for obtaining a job will be low, not the 
persistence of involuntary unemployment. 

The fact that these particular arguments 
—imperfect capital markets and risk aver- 
sion—cannot explain involuntary unemploy- 
ment does not, in any way, reduce the force 
of our earlier arguments (based on efficiency 
wage and moral hazard considerations) for 
why jobs are not typically purchased, and for 
why, even when they are, the market for jobs 
does not clear. 
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To us, involuntary unemployment is a real 
and important phenonomenon with grave so- 
cial consequences that needs to be explained 
and understood. No single, simple model will 
provide the explanation. But simple models 
can provide us insights into its various aspects 
and facets. The efficiency wage models (either 
the incentive version, as we presented it, the 
quality version, or the turnover version) pro- 
vide us with a simple, basic insight: firms 
may not lower wages when doing so lowers 
workers’ net productivity. And the effect of 
any wage reduction on net productivity at a 
given firm generally depends upon the wages 
being paid by other firms. 

Unemployment was a problem before 
minimum wage legislation was passed. Such 
legislation may well have exacerbated the 
unemployment problem. But to suggest, as 
Carmichael does, that unemployment prob- 
lems would disappear in the absence of 
minimum wages or other governmental inter- 
ferences with the market is to fly in the face 
of history and common sense. 
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NOTES 


The ninety-eighth annual meeting of the American 
Economic Association will be held in New York, New 
York, December 28-30, 1985. 

The Professional Placement Service will be located at 
the Sheraton Centre Hotel, and will be open from 10:00 
P.M. to 5:00 P.M., December 27; 9:00 a.m. to 5:00 P.M., 
December 28-29; and 9:00 A.M. to 12:00 noon, Decem- 
ber 30. 


Members wishing to give papers or make suggestions 
for the program for the meetings to be held in New 
Orleans, LA, December 28—30, 1986, are invited to send 
their ideas to Professor Gary S. Becker, Department of 
Economics, 1126 East 59th Street, University of Chicago, 
Chicago, IL 60637. As in the past, the sessions spon- 
sored by the American Economic Association will be of 
two types: invited papers and contributed papers. Most 
of the invited papers will be published in the Papers and 
Proceedings issue to appear May 1987; the contributed 
papers will not be so published. Suggestions of topics or 
proposals for papers for the invited sessions should be 
submitted no later than February 1, 1986. Econometric 
studies or highly mathematical papers are not ap- 
propriate for the sessions sponsored by the American 
Economic Association. However, members wishing to 
present such papers may submit their proposals or ab- 
stracts to the Econometric Society which meets with the 
American Economic Association, and normally sched- 
ules a number of sessions involving such papers. 


Announcing the creation of The European Economic 
Association (EEA): the aims of the EFA are to contrib- 
ute to the development of economics as a science in 
Europe, to improve communication between teachers, 
researchers, and students in economics in the different 
European countries, and to develop and sponsor cooper- 
ation between universities and research institutions in 
Europe. Officers for 1985-86 are: J. Dréze, President; 
J. Kornai, President-Elect; A. Atkinson, Vice-President; 
L. Phlips, Secretary; P. Balestra, Treasurer. Its council 
is composed of some thirty economists from all over 
Europe. 

As of January 1986, the European Economic Review 
will be the EEA’s official journal, edited by H. Glejser, 
P. Neary, A. Sandmo, and J. Waelbroeck (Chief Editor). 
It will publish: a special Papers and Proceedings issue 
devoted to its annual congresses. The first congress will 
be held in Vienna on August 29-31, 1986. Members will 
receive the European Economic Review (and the Journal 
of Economic Literature if desired). The regular annual 
membership fee is £30; student membership is £15. The 
JEL can be obtained at an additional £20. Fees are to 
be paid to the EEA, c/o Tieto Ltd, Bank House, 8a Hill 
Road, Clevedon, Avon, England BS21 7HH. 
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The Faculty Exchange Center, a nonprofit, faculty- 
administered program, helps arrange teaching exchanges 
on the college /university level, and house exchanges for 
study and travel for teachers and administrators at all 
levels of the education profession. The current roster of 
members will be made available to new members upon 
registration. For more information, send a stamped, 
self-addressed envelope to Faculty Exchange Center, 
952 Virginia Avenue, Lancaster, PA 17603. 


The annual Conference of the Association of Private 
Enterprise Education will be held at the La Mansion 
Del Rio in San Antonio, Texas, April 6-9, 1986. Em- 
phasis is on private enterprise and entrepreneurship. 
Business practitioners and academicians are invited to 
attend. For further information, contact Dr. Calvin Kent, 
Director, Center for Private Enterprise, 215 Hankamer 
School of Business, Baylor University, Waco, TX 76798. 


The annual Presidential Conference, “A Retrospec- 
tive on Lyndon Baines Johnson...A Texan in Wash- 
ington,” will be held April 10-12, 1986. For more infor- 
mation, contact Natalie Datlof and Alexej Ugrinsky, 
Conference Coordinators, Hofstra University Cultural 
Center, Hofstra University, Hempstead, NY 11550 
(telephone 516 + 560-5669 /5670). 


The Southern Regional Science Association will hold 
its twenty-third annual meeting in New Orleans, LA, 
March 6-8, 1986. 


The National Women’s Studies Association will hold 
its annual convention June 11-15, 1986, at the Univer- 
sity of Ilinois at Urbana-Champaign. The theme is 
“Women Working for Change: Health, Cultures, and 
Societies.” For further informaticn, contact Jeann Rice 
and Paula Gray, Coordinators, NWSA, University of 
Illinois, 304 Stiven House, 708 South Mathews, Urbana, 
IL 61801. 


The University of Florida’s Women in Agriculture 
Program announces a Conference on Gender Issues in 
Farming Systems Research and Extension, to be held 
February 26—March 1, 1986. Contact Dr. Marianne 
Schmink, WIA Co-Director, Center for Latin American 
Studies, University of Florida, Gainesville, FL 32611, 
for further information. 
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A conference, “Mergers in Health Care: The Perfor- 
mance of Multi-Institutional Organizations,” will be 
held at the Campus of Project HOPE, Millwood, 
Virginia, April 10-11, 1986. It is supported by the 
Project HOPE, the Medical College of Virginia, VCU, 
and SRI International. For further information, contact 
G. R. Wilensky, Vice President for Domestic Affairs. 
The Project HOPE Health Sciences Education Center, 
Millwood, VA 22646 (telephone 703 + 837-2100). 


Harvard Law School offers four or five fellowships 
for the academic year 1986-87 to college and university 
teachers of social sciences or humanities to study the 
fundamental techniques, concepts, and aims of law. 
Fellowship holders will presumably take at least two 
first-year courses in law, in addition to more advanced 
courses, and will participate in a joint seminar. The year 
of study will not count toward a degree. The fellowship 
grant covers tuition and health fee only, plus provision 
of office space. Applications should include a resume, a 
statement explaining what the applicant hopes to achieve 
through the study, and two letters of recommendation 
(mailed directly to the Chair from the referees). There is 
no special application form. Contact the Chair, Com- 
mittee on Liberal Arts Fellowships, Harvard Law School, 
Cambridge, MA 02138. The deadline is January 15, 
1986. 


The Institute of American Cultures at UCLA offers 
graduate and post-doctoral fellowships to support study 
of Afro-Americans, Asian Americans, Chicanos, or 
American Indians. The stipend for graduate fellowships 
is $5,000 per year plus registration fees and out-of-state 
tuition if applicable. Postdoctoral fellowships range from 
$20,000 to $25,000 per year. The deadline is December 
31, 1985. For further information and applications, con- 
tact the Fellowship Director of the following ap- 
propriate ethnic center at UCLA, Campbell Hall, Los 
Angeles, CA 90024: Center for Afro-American Studies, 
Rm 3111; Asian American Studies Center, Rm 3232; 
Chicano Studies Research Center, Rm 3121; American 
Indian Studies Center, Rm 3220. 


The Emory University Law and Economics Center 
will sponsor the L+EC Law Institute for Economists, 
May 18-30, 1986, in Atlanta, Georgia. It is a program 
in law, not economics. All participants receive private 
rooms, most meals, books and tuition. Application re- 
quires a current curriculum vita and a statement 
that you plan to attend the entire program if ac- 
cepted. Contact Marc Hoberman, Program Administra- 
tor, Emory University, L + E Center, Atlanta, GA 30322 
(telephone 404+ 727-5771). Deadline is January 24, 
1986. 
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American Statistical Association/National Science 
Foundation/Census Bureau Research Fellowships and 
Associateships beginning around September 1, 1986; 
positions at Census Bureau for one year or shorter 
period. General areas for research are social and demo- 
graphic studies, economic measurement and analysis, 
and statistical methodology and computing. Require- 
ments: for Fellows, Ph.D. and research record in rele- 
vant field (Economics, Demography, Sociology, Statis- 
tics); for Associates, at least two years graduate study in 
relevant field. Salaries are commensurate with qualifica- 
tions and experience; also, fringe benefits and a travel 
allowance are provided. Apply by January 1, 1986 for 
Fellows; February 15, 1986 for Associates. For informa- 
tion on specific research topics and on how to apply, 
contact Dr. Peter Zadrozny, Center for Economic Stud- 
ies, Room 3442-3, Bureau of the Census, Washington, 
D.C. 20233 (telephone 301 + 763—2490). 


Call for Papers: The International Conference on 
Input-Output Techniques will be held at Hokkaido Uni- 
versity, Sapporo, Japan, from July 28 to August 2, 1986. 
The conference is sponsored jointly by the United Na- 
tions Industrial Development Organization and the Sap- 
poro Local Organizing Committee in cooperation with 
the government of Japan. To contribute or to attend, 
contact Ms. Anna Gelei, UNIDO, P.O. Box 300, A-1400 
Vienna, Austria. 


Call for Papers: The annual Conference of Economists 
of the Economic Society of Australia will be held August 
25-29, 1986 at Monash University, Melbourne. Topics 
include tax reform and public sector policies, labor 
market, exchange rates, and commercial policies. Submit 
two copies of paper plus abstract with JEL classifica- 
tion by March 30, 1986, to Dr. D. K. Fausten, Organiz- 
ing Secretary, Department of Economics, Monash Uni- 
versity, Clayton, Victoria 3168, Australia (telephone 03 
+ 541-2345), 


Cal! for Papers: The annual meeting of the History of 
Economics Society will be held at the City University in 
New York City, May 1986. To give a paper, act as 
discussant, or chair a session, contact President-Elect, 
Abraham Hirsch, Department of Economics, Brooklyn 
College, Brooklyn, NY 11210. 


Call for Papers: The Eastern Economic Association 
meeting dedicated to honoring the 50th anniversary of 
Keynes’ General Theory will be held at the Franklin 
Plaza Hotel, Philadelphia, April 10-12, 1986. Papers (in 
theoretical or applied areas of economics), program 
participants, and program suggestions are solicited. To 
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present a paper, submit two copies of a one-page ab- 
stract with JEL classification number and a $15 sub- 
mission fee by December 15, 1985. Send all inquiries 
and submissions to the Eastern Economic Association, 
Department of Economics, U-63, University of Con- 
necticut, Storrs, CT 06268. 


Call for Papers: A symposium on the 50th anniver- 
sary of the Spanish Civil War, “World War II—Pre- 
lude,” will be held June 12-13, 1986 at Siena College. 
Papers and proposals are invited. Contact Program 
Committee (World War I): Professor Thomas Kelly, 
History Department, Siena College, Loudonville, NY 
12211. 


Call for Papers: The Southern Economic Association 
will hold its annual meeting at the Fairmont Hotel, New 
Orleans, LA, November 23-25, 1986. Submit two copies 
of a one-page abstract and cover sheet, with $10 submis- 
sion fee by February 1, 1986. For details, see the Call 
for Papers in the Southern Economic Journal, October 
1985, or write Dr. Joseph M. Jadlow, College of Busi- 
ness Administration, Oklahoma State University, Still- 
water, OK 74078. 


Call for Papers: An International Conference on 
Economics and Psychology will be held in Haifa, July 
9-11, 1986. It is sponsored by the Society for the 
Advancement of Behavioral Economics and the Interna- 
tional Association for Advancement of Research in Eco- 
nomic Psychology. Papers that integrate the models and 
methods of economics and psychology are sought, and 
should be sent to Professor Shlomo Maital, Faculty of 
Industrial Engineering and Management, Technion, 
Haifa, Israel 32000. 


Call for Papers: The Democratic Policy Commission 
was formed in May 1985 to examine problems and 
opportunities that will face the American people for the 
balance of the decade and the century. The Commission 
is accepting papers on public issues (domestic, interna- 
tional, and institutional) for consideration in the devel- 
opment of its final report in April 1986. The papers 
should address the likely consequences of exisiting pub- 
lic policy issues, projected trends, changing values, new 
ideas, and/or alternative policies that should be consid- 
ered by the Commission. The deadline is January 15, 
1986. Please send a letter of intent immediately to Ron 
Nieberding, Democratic Policy Commission, 499 South 
Capitol St., No. 422, Washington, D.C. 20003 (tele- 
phone 202+ 863- —8162). 


The second annual meeting of the Economists of 
New Jersey (ENJ) will be held March 22, 1986, at 
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Trenton State College. Seminars and panel discussions 
will focus on The Economy of New Jersey; National 
Interest? Private vs. Public Services; and’ Encouraging 
the World Economy. For information and participation 
forms, contact Annette Meyer, President, ENJ, Depart- 
ment of Economics, Trenton State College, Trenton, NJ 
08625. 


Donation to nonprofit organization or institution: 
complete set of American Economic Review, December 
1949 to present; Journal of Econemic Literature, March 
1969 to present. Contact Roslyn Amold, 6800 Liberty 
Road, Apt. 514, Baltimore, MD 21207 cans 301 + 
944-8239). 


Economists who are strongly oriented toward the 
humanities, who use humanistic methods in their re- 
search, and who will be participating in meetings held 
outside the United States, Mexico, and Canada that are 
concerned with the humanistic aspects of their. discipline 
are eligible to apply for small travel grants from the 
American Council of Learned Societies. Financial assis- 
tance is limited to air fare between major commercial 
airports and will not exceed one-half of projected econ- 
omy-class fare. Social scientists and legal scholars who 
specialize in the history or philosophy of their disci- 
plines are eligible if the meeting they wish to attend is so 
oriented. Applicants must hold a Ph.D. degree or its 
equivalent, and must be citizens or permanent residents 
of the United States. To be eligible, proposed meetings 
must be broadly international in sponsorship or par- 
ticipation, or both. The deadlines Zor application to be 
received in the ACLS office are for meetings scheduled 
between July and October, March 1; meetings scheduled 
between November and February, July 1; meetings 
scheduled between March and June, November 1. Please 
request application forms by writing directly to the 
ACLS (Att: Travel Grant Program}, 800 Third Avenue, 
New York, NY 10022, setting forth the name, dates, 
place, and sponsorship of the meeting, as well as a brief 
statement describing the nature of your proposed role in 
the meeting. 


Deaths 


Grant N. Farr, professor of economics, Pennsylvania 
State University, May 9,1985. 

Simon S. Kuznets, Cambridge, Massachusetts, July 8, 
1985. 


Retirements 


Fohn Due, professor of economics, University of 
Illinois-Urbana, August 20, 1985. 

Leland C. Lehman, professor of economics, Bluffton 
College, May 31, 1985. 
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Joseph P. McKenna, professor of economics, Univer- 
sity of Missouri-St. Louis, September 1, 1985. 

Richard Ruggles, Stanley Resor professor of econom- 
ics, Yale University, December 31, 1984. 


Foreign Scholars 


Mukul A. Asher, National University of Singapore: 
University Center for International Studies, University 
of Pittsburgh, August, 1985. 

Koichi Hamada, University of Tokyo: visiting pro- 
fessor of economics, Yale University, September 1985. 

Maria-Jose Herrero, London Schoo! of Economics: 
department of economics, University of Pittsburgh, Sep- 
tember 1985. 

Ron Holzman, CORE (Louvain): visiting assistant 
professor of economics, Virginia Polytechnic Institute 
and State University, 1985-86. 

Bezalel Peleg, Hebrew University: visiting professor 
of economics, Virginia Polytechnic Institute and State 
University, spring 1986. . 

Marilda Sotomayor, Pontificio Universidade Catolica, 
Rio de Janeiro: department of economics, University of 
Pittsburgh, March 1985. 


Promotions 


Jean W. Adams: professor of economics, Iowa State 
University, July 1, 1985. 

Lee J. Alston: associate professor of economics, Wil- 
liams College, July 1985. 

Richard A. Ashley: associate professor of economics, 
Virginia Polytechnic Institute and State University, fall 
1985. 

Steven Balkin: associate professor of economics, 
Roosevelt University, September 1, 1985. 

Andrea H. Beller: associate professor, University of 
Illinois-Urbana, August 21, 1985. 

Jan Brueckner: full professor of economics, Univer- 
sity of Illinois-Urbana, August 21, 1985. 

James H. Cassing: professor of economics, Univer- 
sity of Pittsburgh, September 1, 1985. 

Vincent P. Crawford: professor, department of eco- 
nomics, University of California-San Diego, July 1, 1985. 

Jacques Crémer: professor, department of economics, 
Virginia Polytechnic Institute and State University, fall 
1985, 

Arthur T. Denzau: professor, department of econom- 
ics, Washington University-St. Louis, July 1, 1985. 

Sanjay Dhar: senior economist, external financing 
department, Federal Reserve Bank of New York, May 
2, 1985. 

Walter Enders: professor of economics, Iowa State 
University, July 1, 1985. 

Lydia P. Harris: associate professor of economics, 
Goucher College, May 28, 1985. 

Marvin L. Hayenga: professor of economics, Iowa 
State University, July 1, 1985. 

Susan Hickok: senior economist, Special Studies Staff, 
external financing department, Federal Reserve Bank of 
New York, April 4, 1985. 

R. Bryce Hool: professor of economics, SUNY-Stony 
Brook, September 1, 1984. 
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Robert W. Jolly: professor, department of econom- 
ics, Iowa State University, July 1, 1985. 

Tryphon Kollintzas: associate professor, department 
of economics, University of Pittsburgh, September 1, 
1985. 

Gary A. Latanich: associate professor of economics, 
Arkansas State University, July 1, 1985. 

David L. Lindauer: associate professor, department 
of economics, Wellesley College, September 1985. 

Robert McCauley: chief, Developing Economies Di- 
vision, external financing department, Federal Reserve 
Bank of New York, May 2, 1985. 

William H. Meyers: professor of economics, Iowa 
State University, July 1, 1985. 

E. Dwight Phaup: professor of economics, Union 
College, September 1, 1984. 

Allen Proctor: senior economist, Regional Economics 
Staff, monetary research department, Federal Reserve 
Bank of New York, April 4, 1985. 

Salim Rashid: full professor, department of econom- 
ics, University of Illinois-Urbana, August 21, 1985. 

Eli Remolona: economist, Special Studies Staff, ex- 
ternal financing department, Federal Reserve Bank of 
New York, April 22, 1985. 

Mark J. Robert: associate professor of economics, 
Pennsylvania State University, July 1, 1985. 

Adam Z. Rose: professor of mineral resource eco- 
nomics, West Virginia University, August 15, 1985. 

Larry W. Samuelson: professor of economics, Penn- 
sylvania State University, July 1, 1985. 

David Shapiro: associate professor of economics, 
Pennsylvania State University, July 1, 1985. 

Kenneth Stone: professor of economics, Iowa State 
University, July 1, 1985. 

Loren W. Tauer: associate professor of agricultural 
economics, Cornell University, July 1, 1985. 

T. Nicolaus Tideman: professor, department of eco- 
nomics, Virginia Polytechnic Institute and State Univer- 
sity, fall 1985. 

Mark Walker: professor of economics, SUNY-Stony 
Brook, September 1, 1984. 


Administrative Appointments 


Stanley W. Black: chairman, economics department, 
University of North Carolina-Chapel Hill, July 1, 1985. 

Roger K. Chisholm, Fogelman College of Business 
and Economics, Memphis State University: dean, Col- 
lege of Business Administration, University of Arkan- 
sas-Little Rock, July 1, 1985. 

Maximo V. Eng: chairman, department of economics 
and finance, St. John’s University, July 1, 1985. 

Ronald L. Friesen: chairman, department of econom- 
ics and business, Bluffton College, June 1, 1985. 

Jane V. Hall: chair, department of economics, Cali- 
fornia State University-Fullerton, fall 1985. 

Andrew Hau: chairperson, department of economics, 
Millersville University, September 1, 1984. 

Peter A. Prosper, Jr.: chair, department of econom- 
ics, Union College, September 1, 1985. 

Chong Soo Pyun: chairman, department of finance, 
insurance, and real estate, Memphis State University, 
July 1, 1985. 
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James D. Rodgers: head, department of economics, 
Pennsylvania State University, July 1, 1985. 

Kevin C. Sontheimer: chair, economics department, 
University of Pittsburgh, September 1, 1985. 

Thomas H. Tietenberg: chairman, department of eco- 
nomics, Colby College, July, 1985. 

Thomas F. Torries: chairman, department of mineral 
resource economics, West Virginia University, July 1, 
1985, 


Appointments 


Kabir Ahmad, University of Petroleum and Minerals, 
Saudia Arabia: associate professor of economics, Penn- 
sylvania State University, August 19, 1985. 

Rabah Amir, Yale University:. assistant professor, 
joint appointment, department of applied mathematics 
and department of economics, SUNY-Stony Brook, 
September 1, 1985. 

Laurence Ball, MIT: assistant professor of econom- 
ics, Graduate School of Business Administration, New 
York University, September 1985. 

Michel Balniski, Laboratoire d’Econometrie-Ecole 
Polytechnique, Paris: professor, joint appointment, de- 
partment of applied mathematics and department of 
economics, SUNY-Stony Brook, September 1, 1985. 

Taradas Bandyopadhyay, York University: associate 
professor of economics, Pennsylvania State University, 
August 19, 1985. 

Jagdeeph Bhandari: associate professor of economics, 
West Virginia University, August 15, 1984. 

David M. Blau, University of Miami: assistant pro- 
fessor of economics, University of North Carolina- 
Chapel Hill, July 1, 1985. 

Jorge Brandts, University of Pennsylvania: assistant 
professor, department of economics, University of Con- 
necticut, September 1, 1985. 

Dale S. Bremmer: assistant professor of economics, 
Arkansas State University, August 15, 1985. 

James N. Brown, Princeton University: assistant pro- 
fessor of economics, SUNY-Stony Brook, September 1, 
1985, 

Willem H. Buiter, London School of Economics: 
professor of economics, Yale University, July 1985. 

Richard T. Carson, Jr.: assistant professor, depart- 
ment of economics, University of California-San Diego, 
July 1, 1985, 

John J. Casson, American Express Company: assis- 
' tant professor of economics and management science, 
Kean College of New Jersey, September 1, 1985. 

Rick L. Chaney, Emory University: visiting assistant 
professor, economics department, University of North 
Carolina-Chapel Hill, July 1, 1985—June 30, 1986. 

Christopher Cornwell: assistant professor of econom- 
ics, West Virginia University, August 15, 1985. 

Richard Cothren, Brown University: assistant pro- 
fessor, department of economics, Virginia Polytechnic 
Institute and State University, fall 1985. 

Barbara Craig, University of Minnesota: assistant 
professor, department of economics, Virginia Polytech- 
nic Institute and State University, fall 1985. 


~“ 
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John B. Crihfield, University of. Chicago: assistant 
professor of economics, Wake Forest University, fall : 
1985. 

Adriaan Dierx: assistant professor of economics, West 
Virginia University, August 15, 1984: $ 

Stewart Dorsey: associate ‘professor of economics, 
West Virginia University, August 15, 1984. 

Pradeep Dubey, Yale University: joint appointment, 
department of applied mathematics and department of 
economics, SUNY-Stony Brook, September 1, 1985. . 

Michael D. Duffy: assistant professor, department of 
economics, Iowa State University, July 1, 1985. y 

Michael Einhorn, Yale University: assistant profes- 
sor, Rutgers University-Newark, September 1985. ` 

John Fender, University of Lancaster, U.K.: associ- 
ate professor of economics, iena ig State Univer- 
sity, August 19, 1985. 

Richard Fowles, University of Utah: assistant profes- 
sor, Rutgers University-Newark, September 1985. 

Daniel Friedman: associate professor of economics, 
University of California-Santa Cruz, July 1, 1985. 

James W. Friedman, Virginia Polytechnic Institute 
and State University: professor of economics, Univer- 
sity of North Carolina-Chapel Hill, July 1, 1985. 

Therese Garcia-Mila, University of Minnesota: as- 
sistant professor of economics, SUNY-Stony Brook, 
September 1, 1985. 

John D. Graham, Carnegie-Mellon University: assis- 
tant professor of policy and decision sciences, Harvard 
School of Public Health, September 1, 1985. 

Edward J. Green: professor, department of econom- 
ics, University of Pittsburgh, September 1985. 

Vassilis A. Hajivassiliou, MIT: assistant professor of 
economics, Yale University, July 1985. 

David R. Hakes, Iowa State University: assistant 
professor of economics, University of Missouri-St. Louis, 
August 26, 1985. 

Joseph Halevi, University of Montreal: visiting pro- 
fessor, department of economics, University of Con- 
necticut, September 1, 1985. 

Hans Haller, University of Mannheim: assistant pro- 
fessor, Virginia Polytechnic Institute and State Univer- 
sity, fall 1985. 

Gary D. Hansen: acting assistant professor, depart- 
ment of economics, University of California-Santa 
Barbara, July 1, 1985. 

Panos Hatzipanayotou: assistant professor, depart- 
ment of economics, University of Connecticut, Septem- 
ber 1, 1985. 

Clifford B. Hawley, West Virginia University: visiting 
associate professor, department of economics and East- 
West Population Institute, University of Hawaii-Manoa, 
August 1, 1985. 

Charles E. Hegji, Clinch Valley College: assistant 
professor, department of economics, Auburn Univer- 
sitv-Montgomery, June 1985. 

Walter Hettich: professor, department of economics, 
California State University-Fullertoa, fall 1985. 

Catherine B. Hill, The Brookings Institution: assis- 
tant professor of economics, Williams College, July 1985. 

Michael Hutchison: assistant prozessor of economics, 
University of California-Santa Cruz, July 1, 1985. 
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Jin-Ho Jeong, Indiana University: assistant professor 
of economics, University of Cincinnati, September 1, 
1985. 

Donald L. Johnson: assistant professor of economics, 
Arkansas State University, August 15, 1985. 

Stanley R. Johnson: professor, department of eco- 
nomics, Iowa State University, March 15, 1985. 

Boyan Jovanovic, New York University: visiting pro- 
fessor of economics, SUNY-Stony Brook, September 1, 
1985, 

William W. Lang, Yale University: assistant profes- 
sor of economics, Rutgers University, September 1, 1985. 

Dwight Lee, George Mason University: professor of 
economics, University of Georgia, September 1985. 

Karen Lewis, University of Chicago: assistant profes- 
sor of economics and international business, Graduate 
School of Business Administration, New York Univer- 
sity, September 1985. 

Duncan C. MacRae: Deputy Assistant Secretary for 
Economic Affairs, U.S. Department of Housing and 
Urban Development, January 20, 1985. 

Michael Mandel, Harvard University: assistant pro- 
fessor of economics, Graduate School of Business Ad- 
ministration, New York University, September 1985. 

Rajnish Mehra: associate professor, department of 
economics, University of California-Santa Barbara, July 
1, 1985. 

Douglas Mitchell: associate professor of economics, 
West Virginia University, August 15, 1984. 

Leonard I. Nakamura, Princeton University: assis- 
tant professor of economics, Rutgers University, Sep- 
tember 1985, 

Abraham Neyman, Hebrew University: joint ap- 
pointment, department of applied mathematics and de- 
partment of economics, SUNY-Stony Brook, September 
1, 1985. 

Morteza Rahmatian: assistant professor of econom- 
ics, West Virginia University, August 15, 1984. 

James Rauch, Yale University: assistant professor of 
economics, SUNY-Stony Brook, September 1, 1985. 

Thomas G. Rawski: professor, department of eco- 
nomics, University of Pittsburgh, September 1985. 

David C. Rose, University of Virginia: assistant pro- 
fessor of economics, University of Missouri-St. Louis, 
August 26, 1985, 

Peter Rupert: assistant professor of economics, West 
Virginia University, August 15, 1985. 

Lewis Sage, Skidmore College: visiting professor of 
economics, Union College, September 1985. 

Ryuzo Sato, Brown University: professor of econom- 
ics, and director, The Center of Japanese Business and 
Economics, Graduate School of Business Administra- 
tion, New York University, September 1985. 

Selig Sechzer, University of Pennsylvania: assistant 
professor of economics, Rutgers University, September 
1985. 

Carlos Seiglie, University of Chicago: assistant pro- 
fessor, Rutgers University-Newark, September 1985. 

W. Douglass W. Shaw, Jr., University of Colorado- 
Boulder: visiting professor of economics, Williams Col- 
lege, 1985-86. 

Padmanabhan Srinagesh, University of Illinois-Chi- 
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cago: assistant professor of economics, Williams Col- 
lege, July 1985. 

Patricia L. Stuart, University of Colorado-Boulder: 
assistant professor of economics, Williams College, July 
1985. 

Martin A. Sullivan, Northwestern University: assis- 
tant professor of economics, Rutgers University, Sep- 
tember 1985. 

Eileen Trzcinski, University of Michigan: assistant 
professor, department of economics, University of Con- 
necticut, September 1, 1985. 

Shunichi Tsutsui, Brown University: assistant profes- 
sor of economics, University of Georgia, September 
1985. 

John K. Wakeman-Linn, University of Wisconsin- 
Madison: assistant professor of economics, Williams 
College, July 1985. 

Ronald Warren, University of Virginia: associate 
professor of economics, University of Georgia, Septem- 
ber 1985. 

Philip K. Way, Harvard University: assistant profes- 
sor of economics, University of Cincinnati, September 1, 
1985. 

Paul Wilson, Brown University: assistant professor 
of economics, University of Georgia, September 1985. 

Ann Dryden Witte, University of North Carolina: 
professor of economics, Wellesley College, September 
1985. 

John H. Wood, Northwestern University: professor 
of economics, Wake Forest University, fall 1985. 

Makoto Yano, Cornell University: assistant professor 
of economics, Rutgers University, September 1985. 


Leaves for Special Appointments 


John S. Akin, University of North Carolina-Chapel 
Hill: World Bank, July 1, 1985—June 30, 1986. 

Gerald D. Jaynes, Yale University: Study Director, 
Committee on Status of Black Americans, National 
Research Council, July 1985. 

Stephen M. Miller, University of Connecticut: resi- 
dent director, Program in European Studies, J.F. Ken- 
nedy Institute, Tilburg University, The Netherlands, 
September 1, 1985. 


‘Resignations 


Christophe Chamley, Yale University: The Hoover 
Institute, July 1985. 

Russell W. Cooper, Yale University: Iowa State Uni- 
versity, July 1985. 

Zvi Eckstein, Yale University: Tel-Aviv University, 
July 1985. 

Pau! Ong, University of California-Santa Cruz: Uni- 
versity of California-Los Angeles, July 1, 1985. 

Jennifer Roback, Yale University: George Mason 
University, July 1985. 

Marshall Robinson, president, Russell Sage Founda- 
tion, December 31, 1985. 
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` Robert Rossana, The Pennsylvania State University, Brian D. Wright, Yale University: University of 
June 30, 1985, California-Berkeley, July 1985. 

Frederick R. Warren-Boulton, Washington Univer- . 
sity-St. Lovis, July 1, 1985. Miscellaneous 

Robert J. Willis, SUNY-Stony Brook: University of 
Chicago and National Opinion Research Center, August Francis X. Sutton: acting president, Social Science 
31, 1985. j Research Council, October, 1985. 
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NOTE TO DEPARTMENTAL SECRETARIES AND EXECUTIVE OFFICERS 


When sending information to the Review for inclusion in the Notes Section, use the following style: 


A. Please use the following categories (please—do not send public relation releases): 


1—Deaths E 6—New Appointments 
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B. Please give the name of the individual (SMITH, Jane W.), her present place of employment or enrollment: her 
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C. Type each item on a separate 3 X5 card. 
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All items and information should be sent to the Assistant Editor, American Economic Review, 169 Nassau Street, 
Princeton, NJ 08542-7067. 





NOTICE TO ALL GRADUATE DEPARTMENTS 


The December 1986 issue of the Review will carry the eighty-third list of doctoral dissertations in political economy 
in American universities and colleges. The list will give recipients and titles of doctoral degrees conferred during the 
academic year terminating June 1986. This announcement is an invitation to send us information for the preparation 
of the list. 


By June 30, please send us this information on 3X5 cards, conforming to the style shown below, one card for each 
individual. Please indicate by a classification number in the right-hand corner the field in which the thesis should be 
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EIGHTY-SECOND LIST OF DOCTORAL DISSERTATIONS IN 
POLITICAL ECONOMY IN AMERICAN UNIVERSITIES AND COLLEGES 
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The present list specifies doctoral degrees conferred during the year terminating June 1985. ! 


General Economics; including Economic Theory, 
History of Thought, Methodology, 
Economic History, and Economie Systems 


Jose M. AIZPURUA, Ph.D. Minesota 1985. Coordination 
equilibria among oligopolists. 

NAHID ASLANBEIGUI, Ph.D. Michigan 1984. Modern 
welfare economics and positive science. 

Jonn C. ATTARIAN, Ph.D. Michigan 1984. Failure of a 
vision: Critique of objectivist economic philosophy. 

RONALD J. BALVERS, Ph.D. Pittsburgh 1984. Uncer- 
tainty, aggregate supply, and disequilibrium. 

ANINDA KUMAR Bose, Ph.D. SUNY-Stony Brook 1985. 
A new look at the economics of quality. 

STUART S. Brown, Ph.D, Columbia 1985. “Artificial 
pricing” and marketing disruption by nonmarket 
economies. 


JONATHAN BURKE, Ph.D, MIT 1985. Essays on equi- 
libria in dynamic economies. 


KELLY D. Buscue, Ph.D. Simon Fraser 1985, Toward a 
theory of repeating Dutch auctions. 

JOHN Y. CAMPBELL, Ph.D. Yale 1984. Asset duration 
and time-varying risk premia. 
YANG MING CHANG, Ph.D. SUNY-Buffalo 1985. Three 
essays of optimal enforcement and protection. 
CHIEN-Fu CHOU, Ph.D. Yale 1984. Two essays on game 
theory. 

ROBERT CLAIR, Ph.D. Pennsylvania 1985. A model of 
bank behavior under uncertainty: An expansion 
and test of the Mason model. 


JEFFREY L. CoLvin, Ph.D. American 1984. Fixed capital 
and the labor theory of value. 

Kevin D. Correr, Ph.D. Minnesota 1984. Agents’ in- 
formation as a market variable: New techniques. 

ANNA P. DELLA VALLE, Ph.D. Columbia 1984. Inter- 
temporal pricing for the use of capital in produc- 
tion and its relationship to investment and replace- 
ment policy. 

TimotHy M. DevINNEY, Ph.D. Chicago 1984. A gen- 
eral equilibrium analysis of the borrower-lender 
relation: An examination of credit rationing hy- 
potheses, 

Nestor DOMINGUES, Ph.D. Maryland 1984. Two essays 
on the Q model of investment. 

EmMa A. M. Drosso, Ph.D. Simon Fraser 1985. The fall 
and rise of labor dues: The thirteenth-century manor 
in the shadow of the king. 

Marc P. Dubey, Ph.D. Princeton 1984. Essays on 
monopoly pricing strategies. 
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Davip W. EMMONS, Ph.D. Johns Hopkins 1985. Essays 
on the existence of equilibria i in measure theoretic 
public goods economies. 


Maxim P. ENGERS, Ph.D. California-Los Angeles 1984, 
The existence and uniqueness of signalling equi- 
libria 

Roy J. EPSTEIN, Ph.D. Yale 1984. Econometric method- 
ology in historic perspective. 


JERRY EVENSKY, Ph.D. Syracuse 1985. Expanding the 
neoclassical vision—Recapturing the lost legacy of 
Adam Smith. 


ELIZABETH B. FIELD, Ph.D. Duke 1985. Elasticities of 
complementarity and returns to scale in antebellum 
cotton agriculture. 


BEVERLY FLEISHER, Ph.D. Michigan State'1985. A new 
measure of attitude towards risk. 


HIDEKI FUNATSU, Ph.D. Southern Methodist 1984. The- 
ory of export credit insurance. 


Raut E. Garcia, Ph.D. Washington 1985. Inflationary 
expectations and the term structure of interest rates: 
Argentina, 1977-82. 


JASPAL S. GHATHA, Ph.D. New School 1985. On the 
significance of the assumption of returns in eco- 
nomic analysis. 


K. Gary GRANT Ph.D. Western Ontario 1984. The 
Canadian wheat trade during the interwar years. 


HENRI GROENEVELT, Ph.D. Columbia 1985. Resource 
allocation problems with decreasing marginal re- 
turns to scale. 


FARLEY GRUBB, Ph.D. Chicago 1984. Immigration and 
servitude in the colony and Commonwealth of 
Penasylvania: A quantitative and economic analy- 
sis. 

Davip L. HaMMES, Ph.D. Simon Fraser 1985. Prices, 
information, and explanation in neoclassical eco- 
nomic theory. 


ROBERT G. HANSEN, Ph.D. California-Los Angeles 1984, 
Theory and evidence on the consequences of alter- 
natzve auction rules. 


DONALD B. Hauscu Ph.D. Northwestern 1985. A com- 
mon value auction model allowing asymmetrically 
informed bidders, risk-adverse bidders, and a com- 
parison of sequential versus simultaneous auctions 
for multiple objects. ! 

BERNARDUS J. HEupRaA, Ph.D. Simon Fraser 1985. Em- 
pirical and theoretical aspects of non-Walrasian 
economics. 

YOLANDA HENDERSON, Ph. D. Pennsylvania 1984. A 
general - equilibrium taxation model with asset 
choice. 
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DAVID HIRSHLEIFER, Ph.D. Chicago 1985. Risk, equi- 
librium, and futures markets. 

SEONG H. Hong, Ph.D. Columbia 1985. Essays in 
transfer, taxation, and the limit of income redistri- 
bution policy in market economies. 

CHEN-MIN Hsu, Ph.D. Johns Hopkins 1985. A study in 
the theory of temporary equilibrium with quantity 
rationing. 

Doo Hyun Hwang, Ph.D. Ohio State 1984. Hedonic 
estimation of the demand for housing: A theoreti- 
cally based selection method for the functional 
form. 

FREDERIC B. JENNINGS, JR., Ph.D. Stanford 1985. Public 
policy, planning horizons, and organizational 
breakdown: A postmortem on British canals and 
their failure. . 

Jason S; JOHNSTON, Ph.D. Michigan 1984. Imperfect 
information and the legal process: Toward a gen- 
eral economic theory of tort liability. 

SuNGHEE Jwa, Ph.D. California-Los Angeles 1983. To- 
wards an equilibrium approach to the effects of 
price controls: A theoretical and empirical analysis 
of the effects of price controls on quality offerings. 

BARBARA KAHN, Ph.D. Columbia 1984. Measuring 
variety-seeking and reinforcement behavior using 
panel data. ` 

Nancy F. Kang, Ph.D. California-Los Angeles 1984. 
Industry relocation and wage equalization: The case 
of U.S. textiles, 1880-1930. 

NIcHoLas V. KARAMOUZIS, Ph.D. Pensioni State 
1984. The role of “openness” in the conduct of 
U.S. monetary policy. 

ORHAN KAYAALP, Ph.D. City-New York 1984. Ugo 
Mazzola and the Italian doctrine of finance. 

RAHUL KHULLAR, Ph.D. Boston 1985. Adverse selec- 
tion, certification, and quality standards. 

Moo-Honc Kim, Ph.D. Southern California 1984. Stud- 
ies of behavioral axioms for comparative status 
under uncertainty. 


CARL A. Kocut, Ph.D. Texas A&M 1984, Individual 
and market bidding behavior in Vickrey first-price 
auctions. 


Sunny K. S. Kwong, Ph.D. British Columbia 1985. — 


Price-sensitive inequality measure. 


URHO V. K. LEMPINEN, Ph.D. Princeton 1984. Optimiz- 
ing agents, exogenous shocks, and adjustments in 
the economy: Real and nominal fluctuations in 
economies with a wage rigidity. 

Davin LENZE, Ph.D. Johns Hopkins 1985. Stochastic 
factor supply and the theory of the firm. 

Larry S. Lev, Ph.D. Michigan State 1984. The role of 
flexibility in the design, acquisition, and use of 
durable inputs. N 

MARK LEVINSON, Ph.D. New School 1985. The rise and 
decline of classical political economy. 


Joun K. Lopewuxs, Ph.D. Duke 1985. Arthur Okun 
and American macroeconomics. 


GEORGE F. LOEWENSTEIN, Ph.D. Yale 1985. Expecta- 
' tions and intertemporal choice, 


DECEMBER 1985 


Kevin McCare, Ph.D. Pennsylvania 1984. Essays on 
random meeting economies. 


DonaLp N. MAacDonarp, Ph.D. Texas A&M 1984, 
Experimental studies of individual choice behavior 
in uncertain contexts. 


BRIAN H. McGavin, Ph.D. Cali? řornia-Los Angeles 1985. 
An innovation analysis of structural change in con- 
sumption. 


W. F. McKenna, Ph.D. Temple 1985. An empirical 
study of the comparative external validity of alter- 
native approaches to the measurement of consumer 
utility functions. 

Doris MAHAFFEY, Ph.D. North Carolina-Chapel Hill 
1985. The Yugoslav economy: A case study of a 
labor-managed economic system. 


NıcHoLas G. MANKIW, Ph.D. MIT 1984. Essays on 
consumption. 


Ducan MANN, Ph.D. Pennsylvania 1984. Essays in mi- 
. croeconomic theory. 


Noriatsu Matsut, Ph.D. Ohio State 1984. Economic 
justice and income distribution: Towards a theory 
of distributive justice. 

Purtip T. Mintz, Ph.D, Maryland 1985. Allocation of 
gains by group behavior among group members: 
New theory of bargaining. 

JEFFREY A. MIRON, Ph.D. MIT 1984. The economics of 
seasonal time-series. 


ARNOLD G. Moskowitz, Ph.D. New York 1985. Ex- 
amination of inflation effects on interest rates. 
Epwarp Nosal, Ph.D. Queen’s 1985. Incomplete 
markets and implicit contract theory. ° 

DARRELL F. PARKER, Ph.D. Purdue 1984. Price and 
output dynamics: Microfoundations, timing, and 
transmission. 


Ivan P. L. P’NG, Ph.D. Stanford 1985. Information and 
the law. 


BRIAN T. PraTT, Ph.D. Simon Fraser 1985. Twa papers: 
Ex post exchange activity and the existence of risk 
affinity, and learning by doing and the structure of 
employment contracts under uncertainty. 

ERNEST RAIKLIN, Ph.D. New School 1985. Characteris- 
tics and peculiarities of contemporary Soviet com- 
modity production. 

WALTER T. RHODUS, Ph.D. Ohio State 1985. Allocative 
efficiency of experimental markets under conditions 
of supply and demand uncertainty. 

CHRISTINA D. ROMER, Ph.D. MIT 1985. The instability 
of the prewar economy reconsidered: A critical 
examination of historical macroeconomic data. 

P. NicHoLas Rowe, Ph.D. Western Ontario 1985. Rules 
and institutions. 

Lewis C. SAGE, Ph.D. Maryland 1985. The role of 
information in strategic voting decisions. 

Tim R. Sass, Ph.D. Washington 1984. The economics of 
information intermediaries. 

PAUL S. SEGERSTROM, Ph.D. Rochester 1985. The pro- 
cess of creative destruction and stochastic games. 
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Barry J. SELDON, Ph.D. Duke 1985. A nonresidual 
approach to the measurement of social returns to 
research with application to the softwood plywood 
industry. 


MARILYN H. Simons, Ph.D. SUNY-Stony Brook 1984. 
Bidding with a budget constraint. 


KENNETH A. SNOWDEN, Ph.D. Wisconsin-Madison 1984. 


Three essays on the American capital market, 
1870-1913. 


WILLIAM E. SpricGs, Ph.D, Wisconsin-Madison 1984. 
Afro-American wealth accumulation; Virginia, 
1900-14, 


BALAKRISHNAN SUBRAMANIAN, Ph.D. Columbia 1985. 
Evolutionary aspects of monetary theories of the 
business cycle. 


LEE F. SUNDHOLM, Ph.D. Northern Illinois 1985. Pro- 
tectionism in a period of mercantilism: The English 
experience from the reign of Elizabeth I to Adam 
Smith’s Wealth of Nations. 


Guipo E. TABELLINI, Ph.D. California-Los Angeles 


1984. The formation of expectations and central 
bank behavior. 


Tommy CHIN-Curu Tan, Ph.D. Princeton 1984. Infor- 
mation, repeated interaction, and credibility. 


ELENI THANOU, Ph.D, Clark 1985. Symmetry in produc- 
tion functions: Implications for theory and em- 
pirical analysis. 

LYNDA THOMAN, Ph.D. Stanford 1984. Purchases under 
quality uncertainty. 


ARJA H. TURUNEN, Ph.D. British Columbia 1985. Opti- 
mal policy choices in open economies, 


FERNANDO VEGA-REDONDO, Ph.D. Minnesota 1984. On 
the optimal allocations of public goods and exter- 
nalities in nonconvex economies: Statics, dynamics, 
and incentives. 


Marion D. Watts, Ph.D. Alabama 1985, Corporatism 
and Roman Catholic socioeconomic thought: An 
analysis of current issues. 


ROBERT B. WILLIAMS, Ph.D. North Carolina-Chapel 
Hill 1984. Inside the labor-managed firm: An eco- 
nomic analysis. 


MinG-JeR Wu, Ph.D. Connecticut 1985. The optimal 
fiscal and monetary policy mix in a rational expec- 
tations model. 


KENJI YAMAMOTO, Ph.D. SUNY-Buffalo 1984. Pareto- 
efficient allocations and competitive equilibrium in 
overlapping-generations models, 


STEPHEN P. ZELDES, Ph.D. MIT 1984. Optimal con- 
sumption with stochastic income. 


Economic Growth and Development; including 
Economic Planning Theory and Policy; 
Economic Fluctuation and Forecasting 


MOHAMED ABDULLA, Ph.D. Boston 1985. An economet- 
ric model of a low-income economy with particular 
reference to Kenya: Analysis of the behavioral rela- 
tions among the major macroeconomic aggregates. 
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SOLOMON IZIELEN AGBON, Ph.D. Texas-Austin 1985. 
Class and economic development in Nigeria, 
1903-80. 


TAHMOURES AHMADI AFSHAR, Ph.D. Indiana-Blooming- 
ton 1984, Private returns and social costs and ben- 
efits of rural-urban migration in less developed 
countries: A case study of India, 1961-71. 


SAIYED F. AL-KHOULI, Ph.D. Colorado-Boulder 1985. 
Forecasting of the active skills by occupation and 
nationality in a petrodollar surplus economy: The 
case of Saudi Arabia. 


ALoys B. AYAKO, Ph.D. Boston 1985. Kenya farm 
household consumption and production behavior: 
A policy simulations model. 

OSAMA BAHANSHAL, Ph.D. Colorado State 1984, Saudi 
Arabia’s domestic crude oil production require- 
ments: A physical and monetary approach. 

RiFAAT K. BASANTI, Ph.D. Northwestern 1985. The 
mcnetary approach to structural adjustment prob- 
lems in less developed countries: A case study of 
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theory throughout. 


If you would like to be considered for a complimentary copy of any 
of the above texts, contact your Wiley Representative or write to 
Richard Esposito, Dept. 6-0192, John Wiley & Sons, Inc., 

605 Third Avenue, New York, New York 10158. 


John Wiley & Sons, Inc. 


605 Third Avenue New York, New York 10158 
Your guarantee of quality is on every cover. 
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ECONOMICS BOOKS 
FROM PENN 





conomic Report on the 

Philadelphia Metropolitan 
Area, 1985 

Anita A. Summers & Thomas F. Luce 


Assembles data relevant to analysis of 
region's potential for growth, provides 
analysis of dynamic patterns of local 
industry, develops options for responding 
to. these patterns. Available by annual 
subscription. 144 pages. Paper, $6.95 


conomic Theory and 
Econometrics 
Lawrence Klein 


Edited by Jaime Marquez, this work is 
a selection of Lawrence Klein's most im- 
portant contributions to both economic 
theory and econometrics. Klein was 
awarded the Nobel Prize for Economics 
for his innovations in econometrics, his 
understanding of economic theory, and 
his development of testable methods of 
policy stabilization. 580 pages. Cloth, 
$40.00 


orld Monetary Equilibrium 
International Monetary 
Theory in an Historical- 


Institutional Context 
John E. Floyd 

The first study to incorporate interna- 
tional capital mobility into a summary 
and analysis of twentieth- century world 
monetary developments. 244 pages, 
figures. Cloth, $25.00 


eynes 
e instability of Capitalism 
Fausto Vicarelli 


In this lucid, penetrating analysis, 
Fausto Vicarelli develops Keynes's, vision 
of capitalism as the basis of his huge and 
diverse intellectual legacy. 208 pages. 
Cloth, $19.95 


eynes’s Relevance Today 
dited by Fausto Vicarelli 
Eleven internationally | 


known economists consider the 
relevancy of Keynes's theories in the 
world economy of the early 1980s. 
Although they have differing theoretical 
and ideological backgrounds, they share 
a common belief in the need for eco- 
nomic policy. 256 pages, Cloth, $22.50 


emoving Obstacles to 
Economic Growth 
Edited, with an Introduction, 


Michael L. Wachter and 

usan M. Wachter 

Over fifty leaders of government, busi- 
ness, labor, and the academic world ad- 
dress the unsatisfactory performance of 
the United States economy in the. 1970s, 
debate potential directions for economic 
policy, give an assessment of the political 
and international setting in the early 
1980s. 560 pages. Cloth, $29.95 


u University of Pennsylvania Press, Blockley Hall, 
f 418 Service Drive, Philadelphia, Pennsylvania 19104 
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NEW DIRECTIONS IN 
LAW AND ECONOMICS 


Special Symposium issue of the Columbia Law Review, publishing papers 
originally presented at the conference sponsored by Columbia Law School’s 
Center for Law and Economic Studies. 


TABLE OF CONTENTS: B. A. Ackerman, Foreward: Talking and Trading; A. K. Klevorick, 
Legal Theory and the Economic Analysis of Law; G. P. Fletcher, A Transaction Theory of 
Crime?; S. Rose-Ackerman, Inalienability and the Theory of Property Rights; R. A. Epstein, 
Why Restrain Alienation?; E. H. Hoffman & M. L. Spitzer, Experimental Law and 

Economics: An Introduction; M. Kelman, Comment on Hoffman and Spitzer's Experimental 
Law and Economics; D. L. Rubinfeld, Econometrics in the Courtroom; R. Lempert, 

Statistics in the Courtroom: Building on Rubinfeld; F. H. Easterbrook, Afterword: Knowledge 
and Answers. 


Copies of the June 1985 issue of the Columbia Law Review (Vol. 85, No. 5) are 
available for $8.00 each from: 


Columbia Law Review 
Box A-26 
435 West 116th Street New York, NY 10027 


WHERE’S THE 
ECONOMY GOING? 


If you need to know, © 


you'll want... BUSINESS CONDITIONS DIGEST 


This monthly report from the Commerce Department’s Bureau of Economic Analysis gives you more 
than 100 pages of statistical charts and tables packed with vital economic information: 


*Composite indexes of leading, coincident, and lagging indicators 
*Latest data for principal economic indicators 

*Charts of indicators for current and past business cycles 
*Historical data for selected economic series. 


Order BUSINESS CONDITIONS DIGEST from the Superintendent of Documents, U.S. Government 
Printing Office, Washington, DC 20402. (Single copy: $4.00 domestic, $5.00 foreign; 12-month sub- 
scription: $44.00 domestic, $55.00 foreign.) Make check payable to Superintendent of Documents. For 
further information call 202-523-0755. 
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Scott, Foresman Economics «+ Scott, Foresman Economics + Scott, Foresman Economics - Scott, Foresman 


Presenting our 1986 list 


Extensively revised and still the most modern 
principles text available... 


Principles of ECONOMICS, second aition 


Roy J. Ruffin / Paul Gregory 
University of Houston 


w New, full chapter on interest rates 

m Aggregate supply/aggregate demand madel reworked and further integrated 
within text 

a Increased coverage of federal deficits, Volcker’s monetary policies, and Reagan’s 
new flat-tax plan 

m New agent/principal theme introduced throughout 1.O. chapters, plus new 
LO. theories 

m Nash equilibrium, moral hazard, and adverse selection problems 

m 100 new boxed examples 


Available Now. © 7986, hardbound, with new Microcomputer Modules. Also available 
in separate macro/micro softbound editions, 480 pages each. 


The only text to cover both new and traditional macro topics 
within the fully teachable length of less than 500 pages... 


Intermediate Macroeconomics 


Michael R. Darby, University of California, Los Angeles 
Michael T. Melvin, Arizona State University 


a IS-LM and expectations-adjusted aggregate supply/aggregate demand covered 
within the first seven chapters 

m An entire chapter on microfoundations, including search unemployment, labor 
contracting, and inventories and temporary layoffs 

m= Two chapters on equilibrium analysis and long-run adjustments 

m Three chapters on dynamic adjustments between short and long run 

u End-of-chapter essays on high-interest macro topics, such as federal deficits 
and “high” interest rates 


Available March 1986. © 1986, 480 pages, hardbound. 
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Intermediate Microeconomics 


Theory and Applications 

Second Edition 

Heinz Kohler, Amherst College 

The most applied price theory text has been revised: new L.O. work; carefully wrought calculus 
footnotes/appendices; new layout; and microcomputer interactive program of challenging 
problem sets. Available Now. © 1986, 640 pages, hardbound. 


Managerial Economics with Applications 

Marilu McCarty, Georgia Institute of Technology 

This calculus-based text offers in-depth treatment of costs/production and product 

markets; separate chapters on international business, nonprofit firms, and location decisions. 
Microcomputer managerial simulation available. Available January 1986. © 1986, 608 pages, 
hardbound. 


Managerial Economics: 
Problems and Computer Simulation 


John L. Conant, Indiana State University 

This decision-oriented workbook offers challenging problems, with complete solutions, and 
covers all subjects generally taught in managerial and business economics. Additional exercises 
are for use with the “Computerized Managerial Economics Simulation for the IBM-PC,” which 
instructs students in how to apply managerial decision-making principles to theif “own” firm 
in a six-firm computerized simulation. Available January 1986. © 1986, 340 pages, softbound. 


Essentials of Economics 


Paul Gregory / Roy J. Ruffin 
University of Houston 


This is the first one-term text to build its macro models from the micro foundations presented 
earlier in the text. Modern industrial organization, economics of information, and public 
choice are featured in the micro section, while aggregate supply/demand in an integrated 
manner, expectations theory, contracting, and the natural rate hypothesis are covered in 

the macro section. Available Now. © 1986, 440 pages, softbound. 


The Age of the Economist 


Fifth Edition 

Daniel R. Fusfeld, The University of Michigan 

This brief survey of economic thought, from the Physiocrats and Adam Smith to the 

present, emphasizes the relationship between economic theory and policy and how they are 
influenced by events, ideologies, and changing economic institutions. Available January 1986. 
€ 1986, 224 pages, softbound. 





Please mention Tue American Economic Review When Writing to Advertisers 


v 


Scott, Foresman Economics » Scott, Foresman Economics. + Scott, Foresman Economics -° Scott, Foresman 


Macroeconomics 
David Colander, Middlebury College 


This intermediate-level text approaches modern macroeconomics through its historical 
evolution: classical model, Keynesian model, and monetarist model, followed by New Classical 
and New Keynesian economics. Strong institutional and policy setting. Microcomputer 
problem/data sets available. Available February 1986. © 1986, 608 pages, hardbound. 


Problem Sets in National Income Analysis 
: and Forecasting 


Third Edition 
Robert Haney Scott, University of Washington 


Compatible with most intermediate-level macro texts, this student workbook stresses 
quantitative problem solving to a degree not found in any other type of text. Available 
February 1986. ©1986, 220 pages, softbound. 


Recently Published 


Macroeconomics, Second Edition 


Microeconomics, Second Edition 
Michael E. Bradley, University of Maryland 


Brief, rigorous, and exceedingly clear, with the essential elements of modern macro and 
microeconomics. © 1985, softbound. 


Modern Labor Economics, Second Edition 


Ronald G. Ehrenberg / Robert S. Smith 
Cornell University 


The best-selling text in the field, with new public policy applications and technical appendices. 
©1985, hardbound. 


Statistics for Business and Economics 
Heinz Kohler, Amherst College 


The most applications-rich text to appear on the market. Intuitive, applied approach, with 
floppy-disk problem sets for IBM computer. © 7985, hardbound. 


Meredith Hellestrae, Department SA-AER 
1900 East Lake Avenue f 
Glenview, Illinois 60025 Scott, Foresman and Company 


For further information write p 
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ISSN 0167-2681 


Journal of 


Economic Behavior 
& Organization 


EDITORS: 

RICHARD H. DAY, Department of 
Economics, University of Southern 
California, Los Angeles, 

CA 90089-0152, U.S.A. 


and 


SIDNEY G. WINTER, Yale School 
of Organization and Management, 
Box 1A, New Haven, CT 06520, 
U.S.A. : 


MANAGING ASSOCIATE 
EDITOR: 

TIMUR KURAN, Department of 
Economics, University of Southern 
California, Los Angeles, 

CA 90089-152, U.S.A. 


ASSOCIATE EDITORS: 

G. Akerlof (U.S.A.), J.-P. Benassy 
(France), J. Conlisk (U.S.A.), R.A. 
Easterlin (U.S.A.), G. Eliasson 
(Sweden), V.P. Goldberg (U.S.A.), 
A.O. Hirschman (U.S.A.), J. Hirshlei- 
fer (U.S.A.), P.L. Joskow (U.S.A.), A. 
Kapteyn (The Netherlands), J. Kornai 
(Hungary), H. Nikaido (Japan), C.R. 
Plott (U.S.A.), R. Selten (Germany), 
C. Simon (U.S.A.), H.A. Simon 
(U.S.A.), V.L. Smith (U.S.A.), A. Tver- 
sky (U.S.A), O.E. Williamson 
(U.S.A.). 


Subscription Information: 
Subscription price for Volume 6 in 4 
issues (1985) is US $85.00/Dfl. 
230.00. Add US $8.25/Dfl. 22.00 
for handiing/postage. Total price: 
US $93.25/Dfi. 252.00. 


The Dutch qguilder prices are 


definitive. US $ prices are subject to 
exchange rate fluctuations. 


NORTH-HOLLAND 


During its initial five years, the JOURNAL OF ECONOMIC 
BEHAVIOR AND ORGANIZATION has established itself as a 
leading forum for creative research at the foundations.and along the 
frontiers of economics. Entirely eclectic as to methodology and en- 
couraging contributions from other scientific disciplines, JEBO 
especially encourages work that deals with the cognitive, informa- 
tional and procedural aspects of decision, organization and ex- 
change, and more generally with the adaptive, evolutionary nature 
of economic change and development. 


CONTENTS OF VOLUME 6 (1985): 

6/1: H. Kunreuther, W. Sanderson and R. Vetschera, A behavioral model 
of the adoption of protective activities; J.D. Sterman, A behavioral 
model of the economic long wave; D.F. Spulber, Risk sharing and inven- 
tories; V.P. Crawford, Learning behavior and mixed-strategy Nash 
equilibria; J. Paroush, Notes on partnerships in the services sector. 
6/2: C.A. Ziegler, Innovation and the imitative entrepreneur; T. Buck, 
The convergence of economic systems and the M-form; R.M. isaac and 
J.M. Walker, Information and conspiracy in sealed bid auctions; H.M. 
Hochman and S. Nitzan, Concepts of extended preference; W.R. Keech 
and C.P. Simon, Electoral and welfare consequences of political 
manipulation of the economy. . 

6/3: R. Russel, Employee ownership and internal governance; O.E. 
Williamson, Employee ownership and internal governance: A perspec- 
tive; P. Burns, Market structure and buyer behavior; G.K. Dow, Internal 
bargaining and strategic innovation in the theory of the firm. 

6/4 {preliminary}: B. Wernerfelt, Brand loyalty and user skills; H. Haller, 
The principal-agent problem with a satisficing agent. Studies of 
Dependent and Independent Markets: S. Schachter, W. Gerin, D.C. 
Hood and P. Andreassen, |. Was the South Sea Bubble a Random 
Walk?; D.C. Hood, P. Andreassen and S. Schachter, ||. Random and 
Non-Random Walks on the New York Stock Exchange; S. Schachter, 
D.C. Hood, W. Gerin, P. Andreassen and M. Rennert, lll. Some Causes 
and Consequences of Dependence and Independence in the Stock 
Market. : ' 


COUPON FOR A FREE SPECIMEN COPY = 


Send to: For customers in the U.S.A. and Canada: 

Elsevier Science Publishers Elsevier Science Publishers 

P.O. Box 1991, Journal Information Center 

1000 BZ Amsterdam 52 Vanderbilt Avenue 

The Netherlands New York, NY 10017, U.S.A. 

@ Please send a free specimen copy of the JOURNAL OF ECONOMIC 
BEHAVIOR & ORGANIZATION 

Name 





Professional address 











6039NHe/JNUECON 
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LEADING 
ECONOMIC 
INDICATORS 


Kenneth J. Arrow 
Collected Papers 


Volume 5 
Production and Capital 
Belknap 


Volume 6 
Applied Economics 
Belknap 


Deepak Lal 


The Poverty of 
“Development Economics” 


“This book is a rare phenomenon in 
economics: it is a ‘good read.’ The 
content is presented in simple, but not 
oversimplified, language without visi- 
ble injustice to the perpetrators of 
“development economics’ or the 
‘Dirigiste Dogma? ”—Alan A. Walters 
$17.50 cloth; $6.95 paper 


Paul M. Hohenberg 
and Lynn Hollen Lees 


The Making of Urban Europe, 
1000-1950 


By tracing large-scale processes of social, 
economic, and politica] change, the authors 
present an original synthesis of European 
urbanization within a global context. 
Harvard Studies in Urban History $30.00 


Patricia M. Danzon 


Medical Malpractice 
Theory, Evidence, and Public Policy 


The euthor, an economist, provides a broad 

examination of the malpractice system. 

Among her most important findings is that 

at most one in ten patients injured through 

medical negligence receives compensation 

through the legal malpractice system. 
$25.00 


__________new in paperback 


Richard R. Nelson 
and Sidney G. Winter 


An Evolutionary Theory 

of Economic Change 

“[An] extremely interesting book. . . This 
volume increases one’s confidence that, after 
all these years, Schumpeter’s intuition can 
be stated in a formally respectable way, and 
therefore that the field of industrial organi- 
zation can begin solving its most important 


- problems.” 


—Journal of Comparative Economics 


Belkrap $8.95 paper 


HARVARD UNIVERSITY PRESS 


79 Garden Street 
Cambridge, MA 92138 
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PUBLISHING 


THE FIRM AND FINANCIAL 
MARKETS IN THE SWEDISH MICRO- 
TO-MACRO MODEL 

by Gunnar Eliasson 


The model features individual firms as price 
and quantity setters in dynamic product, 
labor and capital markets. The joint beha- 
vior of all firms determines market prices 
and economic growth, making aggregation 


endogenous under an exogenous technolo- 


gical constraint. This Schumpeterian inspi- 
red micro-to-macro model has been empiri- 
cally implemented to investigate the macro- 
economic consequenses of technological 
change, different dynamic resource alloca- 
tion mechanisms, different tax systems, etc. 





CONTROL OF LOCAL AUTHORITIES 
IUI Conference Reports 1985:1 
edited by E. M. Gramlich and B.-C. Ysander 


Postwar experience of lokal government ex- 
penditures in the U.S., Great Britain and 
Sweden. Fiscal limitations and privatization 
experiments in the U.S. are discussed as well 
as cash limit controls in Great Britain and 
regulation and grant policy in Sweden. The 
papers demonstrate the large differences in 
institutional structure and political emphasis 
among the countries. 
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Spend your time 
economically with 


Little, Brown 


New for the Principles 
course 


ECONOMICS 
Robert B. Ekelund, Jr. 


Auburn University 
Robert D. Tollison 
George Mason University 


“Their greatest success is in produc- 

ing a text which is good for the student 
and... provides an excellent foundation 
Jor lectures.” 

E.O. Price, Oklahoma State University 


@ nonencyclopedic approach— focus 
on core concepts 

e@ hundreds of examples drawn from 
diverse sources (e.g., public policy 
issues, consumer behavior) 

è clear coverage of modern economic 
theory 

e@ “Economics in Action” sections 
explore current topics (e.g., the U.S. 
farm problem, budget deficits and 
inflation) 

- @ “Focus” boxes discuss such topics as 
takeover strategies and protectionism 

e “Point-Counterpoint” sections 
compare and contrast the views of 
well-known economists (e.g., Paul 
Samuelson and Robert Lucas) 

cloth/912 pages/#231231/Instructor’s 

Manual, Study Guide, Test Bank (book- 

let, or on diskette for IBM PC, Apple II, 

or compatibles ), Transparency Masters 


Also available in “split” format— 
Microeconomics 

paper/est. 496 pages/#231258 
Macroeconomics 

paper/est. 480 pages/ #231266 
Available for examination now! 


The new standard in 
Money and Banking texts! 


THE ECONOMICS OF 
MONEY, BANKING, AND 
FINANCIAL MARKETS 


Frederic S. Mishkin 
Columbia University 





“Misbkin’ integration of economic the- 
ory with empirical data makes this an 
exciting book for students... The writing 
style is quite pleasant to read. 1 don’t 
know how to advertise a good writing 
style, but students do learn better when 
the text is appealing.” i 

Philip Brock, Duke University 


® uses unifying micro principles (e.g., 
supply and demand, profit maximi- 
zation) to explain the behavior of fi- ` 
nancial markets and institutions, and ' 

. aggregate demand-and-supply to pres- 
ent competing monetary theories. 

è up-to-date focus on current policy 
issues and recent events (e.g., Reagan 
budget deficit, Ohio bank panic) 

© real-world focus, including 20 major 
applications 

® modern coverage, including a sepa- 
rate chapter on financial innovation 
and nontechnical presentation of 
rational expectations 

© pedagogical features include 400 end- 
of-chapter problems, boxes on how 
to follow and interpret the financial 
news, a complete glossary, and an 
inviting 2-color format 

cloth/731 pages/#574767/Instructor’s 

Manual, Study Guide-Workbook, 

Computerized Test Bank 

Available for examination now! 
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Economics 


we 


The micro theory text 
praised by professors 
and students alike! 


New Edition! 
MICROECONOMIC 
THEORY AND 


APPLICATIONS 
SECOND EDITION 


Edgar K. Browning and 

. Jacquelene M. Browning 
both of Texas A&M University 
“In terms of the coverage and useful- 
ness of the applications in my teaching, 
I continue to believe that this is the best 
book on the market.” 
Don E. Waldman, Colgate University 


® widely praised, clear exposition of 
core theory 
© 11 new applications 
© four separate chapters devoted 
entirely to applications and applica- 
tions integrated into the theory 
chapters 
® over 100 new end-of-chapter ques- 
tions, now with a stronger emphasis 
on analysis rather than review 
® arevised chapter on oligopoly, with 
new material on game theory 
® carefully designed graphics and tables 
in an attractive 2-color format 
cloth/est. 634 pages/# 112356/ 
‘Instructor's Manual, Study Guide- 
Workbook 
Available for examination now! 





z ONOMIC 
MicROECON 
APPLICATIONS: 


We've got 
new texts 


for all 
levels. 


; of 
tans Eee, 


Also of interest 


New! 

THE ECONOMICS 
OF ANTITRUST 
Cases and Analysis 
Don E. Waldman 
Colgate University 


paper/est. 320 pages/#917915 
Available for examination now! 


New! 
REGULATORY REFORM 
What Actually Happened? 


edited by Leonard W. Weiss 
University of Wisconsin 
Michael Klass 
Glassman-Oliver Economic 
Consultants, Inc. 

paper/est. 290 pages/#928984 
Available for examination 
in February 


New! 
INTERNATIONAL TRADE 


AND FINANCE: Readings 
THIRD EDITION 


Robert E. Baldwin and 

J. David Richardson 

both of University of 
Wisconsin-Madison 
paper/550 pages/ #079278 
Available for examination 
in February 


B Little, Brown and Company ° College Division 
34 Beacon Street * Boston, Massachusetts 02106 
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AEA 
MINORITY FELLOWSHIP PROGRAM 


Application forms are now available for the 1986-87 
American Economic Association Minority Fellowship 
Program. These Fellowships are for Black, Hispanic and 
Native American students in their first or second year 
of study toward a Ph.D. in Economics. 


AEA Fellowships consist of a tuition waiver and a 
stipend of $600 per month for a maximum of 24 months. 


Students must be nominated by the institution in 


which they wish to matriculate or in which they 
_ are currently enrolled. 


Applications for the 1986-87 academic year are due 
by March 1, 1986. 


For more information and application forms, contact: 


Julie Marsh, Registrar 

AEA Fellowship Program 
Department of Economics 
P.O. Box 1972 Yale Station 
New Haven, CT 06520-1972 
Phone: 203-436-3303 
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Allen & Unwin 


—New Titles for Economis 


cS 


= 








FLYING OFF COURSE 

The Economics of International Airlines 

Rigas Doganis 

The past 30 years have seen an unprecedented expansion 
in the airline industry which has resulted in falling costs and 
fares which in turn has stimulated a rapid growth of demand 
for its services. This comprehensive and up-to-date text pro- 
vides fascinating and practical insight into the key aspects 
of international airline operations within the conceptual 
framework of economics. December 1985 300pp. HB 
$25.00 ; 


POLITICS VS. ECONOMICS IN WORLD STEEL TRADE 
Kent Jones 

There can be few industries which have generated as much political controversy as the 
world steel industry. Since 1968 the trade policies of both the United States and the 
European Economic Community have created a vicious circle of protectionism and 
delayed adjustment in their steel industries. This book provides a fascinating case study 
of the ability of a basic industry, long associated with economic well-being, to penetrate 
the political consciousness of industrialized societies and achieve far-reaching influence 
on trade policy. February 1986 250pp. HB $27.50 World Industry Studies: 4 


THE ECONOMIC ANALYSIS OF TRADE UNIONS 
New Approaches and Evidence 
Barry T. Hirsch and John T. Addison 


The burgeoning theoretical and empirical literature on the economics of labor unions 
is thoroughly examined in this comprehensive and timely new work. The book surveys, 
synthesizes, and critically analyzes recent theoretical and econometric work on the many 
dimensions of unions in the private and public sectors. Much of the focus is on U.S. 
studies although related evidence from the U.K. and Canada is provided. January 1986 
256pp. HB $27.50 PB $10.95 


KEYNESIANISM VS. MONETARISM 

And Other Essays in Financial History 

Charles Kindleberger _ 

This volume brings together Professor Kindleberger’s characteristically readable and 
always stimulating essays on a wide range of topics and ideas from the financial history 
of the last 200 years. The title reflects the varied theme of his work: the debates of 
“modern” economics are fully anticipated in previous eras and pose a choice which is 
essentially fallacious. Other themes include comparisons both between countries and 


within countries across centuries, and the application of financial models to historical 
episodes. 1985 200pp. HB $27.50 


8 Winchester Place, Winchester, MA 01890 
For Toll Free Ordering Call 800-547-8889 
In MA and Canada Call 617-729-0830 
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Basic Books announces the Fifth Edition of 
the leading money and banking text: 


LAWRENCE S. RITTER & WILLIAM L. SILBER 
Principles of Money, Banking, 
and Financial Markets 


Basic Books is pleased to announce the publication of the Fifth Edition of Ritter and Silber’s 
Principles of Money, Banking, and Financial Markets—the #1 text for the course in both 
economics departments and business schools. Adapted by more than 45 colleges and univer- 
sities in the Fourth Edition, Ritter and Silber has been widely praised as the most authoritative, 
balanced, comprehensive and literate introduction to the field of money, banking, and financial 
markets. 


What's new in the Fifth Edition? 

* Computer Software: Free to adopters of the text is MICROTEST, a micro-computer test-gen- 
eration system. For students, there is now STUDY-AID, a computer adaptation of the best-selling 
Study Guide. 

* Two completely new chapters on “Financial Instruments: Bonds, Stocks, Mortgages and 
More” and “Financial Innovation” 

* Timely new sections on such topics as the emphasis on rational expectations; inflation, 
money, and the Phillips Curve; flexible prices, the natural rate of interest, and real crowding 
out; Regulation Q and financial innovation; interest rate risk and floating rate loans; American 
banks and the international debt problem; federal funds and repurchase agreements; overnight 
trading 

* The latest regulations for banking and thrift institutions and the latest information on the 
government, municipal, and mortgage markets 


All this plus the best features of the previous editions: the readability, flexibility, authority, and 
balance that have made Principles of Money, Banking, and Financial Markets the leading money 
and banking text. We also offer the most comprehensive supplement package available: in 
addition to MICROTEST and STUDY-AID, we have the fully up-dated Instructor's Manual with 
Test Bank and, for the student, the best-selling Study Guide: Theory and Problems. 

Write for your examination copy. 

Inst a rs | with Test Bank, grati en eee 

nstructor’s Manual with Test Bank, gratis 10 East 53rd St., New York, NY 

Study Guide: Theory and Problems, $10.95 - Se AUI 


te ae 


Lawrence S Ritter * Wiliam L Siber 
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Basic Books, Inc. 


Kaisha, The Japanese 


Corporation 


JAMES C. ABEGGLEN & GEORGE STALK 
Kaisha, The Japanese Corporation goes beyond 
generalizations and takes a hard-headed look at the 
real strengths and weaknesses of the kaisha—the 
Japanese corporations—that are the moving force 
behind the Japanese economic surge, Drawing on 
years of hands-on experience, the authors have 
written the first insiders’ guide to the Japanese as 
competitor. 

“A serious and timely view."--DONALD E. PETERSEN, 
Chairman of the Board, Ford Motor Company 

“A major contribution to our understanding of the 
current Japanese economy—based on fact rather than 
legend and written by authors with an intimate 
knowledge of their subject.“—HENRY ROSOVSKY, 
Harvard University 

$22.50 


How the West 
Grew Rich 


The Economic 
Transformation of the 
Industrial World 

NATHAN ROSENBERG & 
L.E. BIRDZELL 

Two leading scholars argue 
persuasively that the political 
pluralism and the remarkable 
flexibility of the West's 
institutions—not corporate 
organization and mass 
production technology—explain 
its unparalleled wealth and 
prosperity. 

“Alucid, well-reasoned antidote 
to false notions that prosperity 
has been built upon imperialism, 
exploitation, or legerdemain.” 
—JANE JACOBS 

“A clearly presented and most 
stimulating study. . . . Its 
attention to the relationship 
between political and economic 


factors and the role of diversity in 


organization and technology 
have important implications for 
policy in the West (and 
elsewhere) today.”—-STANLEY 
ENGERMAN, University of 
Rochester 

$19.95 
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Trading State 


Commerce and Conquest in the Modern World 


RICHARD ROSECRANCE 

The rise of the trading state and what it means for 
peace in the nuclear age is here brilliantly set forth in 
a tough-minded yet optimistic analysis by a 
distinguished scholar and former State Department 
analyst. 

“An excellent blend of theory and history that 
identifies trends which offer opportunities for 
constructing a more peaceful international system.” 
—ALEXANDER GEORGE, Stanford University 

$19.95 


e 
Bad Business 
The OPM Scandal and the 
Seduction of the Establishment 
ROBERT P. GANDOSSY 
This gripping account of one of the biggest frauds in 
American history raises disturbing questions about 
thc way we do business today. 
“High drama and a fascinating story—a good read— 
with penetrating insight into why things occasionally 
can go wrong in the complicated world of finance. It 
makes a persuasive argument for a new 
management policy, emphasizing better 
communication and empowerment at lower levels— 
strategies to help companies avoid costly 
mistakes. —ROSABETH MOSS KANTER, author of 
The Change Masters 
“A masterful job.“—-THOMAS J. PETERS, coauthor of 
A Passion for Excellence 
$17.95 


NOW IN PAPERBACK 


What Do Unions Do? 
RICHARD B. FREEMAN & JAMES L. MEDOFF 
$9.95 


The Evolution of Cooperation 
ROBERT AXELROD 
$6.95 


Decision Making at the Top 
The Shaping of Strategic Direction 
GORDON DONALDSON & JAY W. LORSCH 
$6.95 
Basic Books, Inc. 
10 East 53rd St., New York, NY 10022 
Call toll free (800) 638-3030 
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Oxford 


Game Theory With Applications to Economics 

JAMES W. FRIEDMAN, Virginia Polytechnic Institute 

This comprehensive new text is an excellent introduction to game theory using 
examples from current economics literature and politics. It covers those topics in 
game theory that are of great actual or potential use, such as noncooperative games, 
two-person cooperative games, and cooperative games with and without side 
payments. With its up-to-date coverage of the field, this book illustrates the breadth 
and depth of game theory’s influence on economics. 

January 1986 300 pp.; tables, graphs $24.95 


Input-Output Economics 

Second Edition 

WASSILY LEONTIEF, Institute for Economic Analysis, New York University 

In 1973, Wassily Leontief was awarded the Nobel Prize for his model of input- 
output economics. This collection of papers provides the only comprehensive 
introduction to the model he has written, and is now thoroughly revised—12 of the 
18 papers are new to this edition. The book begins with non-technical articles on the 
theory of input-output economics and progresses to more technical discussions and 
then to specific applications of the theory. 

1985 320 pp.; illus. cloth $29.95 paper $16.95 


The World Economic Outlook 1985 

A survey by the staff of the International Monetary Fund 

The World Economic Outlook is an important supplementary book for courses in 
international economics and trade. Packed with the latest statistical information and 
insightful discussions of the major issues affecting today’s economy, it is an excellent 
student text: accessible, affordable, and an authoritative guide to the world econ- 
omy. It contains three main sections: a survey of the performance of the world 
economy in the past year; supplementary notes on important topics such as oil, 
fiscal policy, commodities, and trade policies; and statistical tables on the world 
economy with projections through 1990. 

1985 283 pp.; charts and graphs paper $8.00 


Now available in paperback 

Emerging from Poverty 

The Economics that Really Matters 

GERALD M. MEIER, Stanford University. 

“As fine a survey of the basic issues of development economics as we have 
had.” — Foreign Affairs 

This book appraises the efforts by economists to understand the economics of being 
poor and to propose policy measures that will allow the countries of Asia, Africa, 
and Latin America to emerge from poverty. Writing with exceptional clarity and 
range, the author analyzes not only the current problems faced by these countries, 
but those that have existed over the past four decades. 

1984 (paper 1985) 256 pp. cloth $29.95 paper $10.95 


Prices aud publication dates are subject to change. 
To request an examination copy send full course information, including course title, level, expected 
enrollment, and decision deadline to: College Humanities and Social Sciences Marketing 


Oxford University Press 
200 Madison Avenue * New York, NY 10016 
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Oxford 


Income Packaging in the Welfare State 


MARTIN REIN, LEE RAINWATER, and JOSEPH E. SCHWARTZ, all at the Joint Center for Urban Studies 
of MIT and Harvard University. This book compares the distribution of family incomes 

and the effect of social policy on them in the United States, Great Britain, and Sweden. It inter- 

weaves three themes iF rangnak the interaction of multiple sources in generating family income 
distribution; the dynamic role of women in the modern welfare economy; and the role of govern- 

ment transfers in the economic well-being of families in the middle of their life course. 


1985 320 pp. $24.95 


Methods of Dynamic Economics 


JOHN HICKS, formerly of the University of Oxford. Based on Hicks’ Capital and Growth, this new book by 
the Nobel Laureate in Economics concentrates on the family of models that are appropriate for analyzing 
dynamic economies. 


1985 200 pp. $24.95 


The Decline of the British Economy 
An Institutional Perspective i 


BERNARD ELBAUM, Boston University, and WILLIAM LAZONICK, Harvard University. This book 
examines the decline of the British economy in terms of the structural rigidity of its economic institutions 
and the historic changes in the international economy. Issues covered include: the pre- and post-World 
War I steel industries, the shipbuilding and automotive industries, education, research and 
development, finance and industry, regional development, and the role of the state. 


1985 272pp. $24.95 


Financial Innovation, Efficiency, and Disequilibrium 
Problems of Monetary Management,in the UK, 1971-81 


P.D. SPENCER, Her Majesty's Treasury, Great Britain. This is the first complete exposition of the basic 
Treasury econometric model that was developed for financial forecasting and policy analysis in Britain. 


February 1986 192 pp.; 27 figs. $24.95 


The Economic System in the U.K. 

Third Edition 

Edited by DEREK MORRIS, Oriel College, Oxford. From a review of the first edition: “Extremely clearly 
written, pays great attention to real problems and real facts, and is biased very much in the direc- 

tion of economics as a policy making science... will appeal to a wide variety of readers.” 

~The Economist. The third edition, reflects a changing world economic order, and new chapters discuss 
events in the U.K. economy in the context of the larger European and international economics. 


(LIGC Series in Economics) 
1985 960 pp.; figs. cloth $36.00 paper $19.95 


The Scourge of Monetarism 


Second Edition 

NICHOLAS KALDOR 

1985 128 pp.;illus. paper $7.95 
Forthcoming 

Growth and Equity 

A Critique of the Lewis-Kuznets Tradition 
ANINDYA DATTA 


March 1986 160 pp. $18.95 


Prices and publication dates are subject to change. 
To order published titles, send check or money order to Humanitites & Social Sciences Marketing 


Oxford University Press 
200 Madison Avenue, New York, NY 10016 
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New from the IMF 


WORLD ECONOMIC OUTLOOK, OCTOBER 1985 
Revised Projections by the Staff of the International Monetary Fund 





These revised projections to the World Economic Outlook published in April 1985 
review the increasing signs of hesitancy in th2 pace of world economic expansion in 
the first half of 1985, marked by a slowing of growth in the industrial countries and a 
significant fall in commodity prices, They show that although growth prospects for 
the industrial countries in the period 1985-90 remain generally on course, growth in 
the developing countries is expected to be somewhat lower than projected earlier. 

The projections cover the current evolution of and prospects for output, employ- 
ment, prices, international payments and debt, and the policy stances for both 


industrial and developing countries. A final section summarizes the policy conclu- 
sions that arise out of the new analysis, and a Statistical Appendix completes the 
volume. 


Price: WORLD ECONOMIC OUTLOOK, October 1985. Revised Projections by the Staff. of the 
International Monetary Fund, US$10.00. 

Also available: WORLD ECONOMIC OUTLOOK, April 1985. Airmail—US$15.00 (US11.00 to university 
libraries, faculty members, and students); surface mail—US$12.00. (US$8.00 to university libraries, faculty 
members, and students). 

Available from: Publications Unit, Box E-221 œ International Monetary Fund 
700 19th Street, N.W. œ Washington, D.C. 20431, U.S.A. 
Telephone: (202) 473-7430 
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BALLINGER 


TECHNOLOGY AND ECONOMIC POLICY 


Ralph Landau and Dale W. Jorgenson, Editors 


Business leaders, economists, and policymakers 


analyze tax policies, reforms, and specific tax 
provisions that affect venture capital, the stock 
market, and business growth. They show the 
relationships among national budgets, deficits, 
technology, international competitiveness, and 
economic growth. 


Distinguished contributors include: Ralph Landau, 
Edward G. Jefferson, Emil Sunley, James W. 


COUNTRIES 


MONITORING GROWTH CYCLES IN MARKET-ORIENTED 


Wetzler, Alan J. Auerbach, Burton J. McMurtry, 
Oscar S. Pollock, Thomas F. Ruhm, Norman 
Ture, Michael Boskin, Benjamin Friedman, 
Dimitri V. d’Arbeloff, George N. Hatsopoulos, 
Aldon E. Robbins, Gary A. Robbins, Paul Craig 
Roberts, Bruce Scott, Charls E. Walker, and Dale 
W. Jorgenson. 

January 1986-376 pages—$29.95 cloth, 

ISBN 0-88730-068-5 

$16.95 paper, ISBN 0-88730-069-3 


Developing and Using International Economic Indicators 


Philip A. Klein and Geoffrey H. Moore 

A National Bureau of Economic Research Book 
MONITORING GROWTH CYCLES shows busi- 
ness economists how the system of economic 
indicators developed and applied by NBER to the 
U.S. economy over the past fifty years is 
accurate when applied to growth cycles as well 
as to classical business cycles. The authors 
develop growth-cycle chronologies for ten 


WORLD DEBT CRISIS 


International Lending on Trial 
Michael P. Claudon, Editor 


Leading international economists probe the origins 
of the debt crisis, show the effects of Wall Street 
and U.S. monetary policy on third-world 
economies, relate how the IMF and multinational 
institutions factor into the complex equations, 
and present models for crisis-creating and crisis- 
resolving behavior. This unique and compre- 


O Yes! Please send me: 
TECHNOLOGY AND ECONOMIC POLICY 
____ $29.95 cloth (6610331) 

____ $16.95 paper (6610349) 

___ MONITORING GROWTH CYCLES 

@ $35.00 (6610067) 


—— WORLD DEBT CRISIS @ $29.95 (6610174) 


$ 
Please add your state sales tax $ 
TOTAL $ 


O Payment enclosed 
O Bilme OD MC OVISA O AMX 


Card No. 
Signature 


Send: Name 


market-oriented countries and show that these 
indicators in general are as sensitive or more 
sensitive to growth cycles as they were when 
first applied to business cycles. They demonstrate 
that these indicators work as well in all of the 
market-oriented countries covered as they do in 
the U.S. 

1885—4186 pages—$35.00 cloth, 

ISBN 0-88730-041-3 






Foreword by Charles Kindleberger 


hensive book presents an integration of all aspects 
of the global debt problem. Distinguished 
contributors include academic scholars, bankers, 
economic forecasters, and spokespersons for the 
FED, the IMF, and the World Bank. 

1985—-312 pages-—$29.95 cloth, 

ISBN 0-88730-052-9 


Exp. Date_______ | 
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Havrilesky’s 
Introduction to 


Modern Macroeconomics 
Now Available with 


STUDENT'S ASSISTANCE MANUAL and 
COMPUTER TUTORIAL DISK 


Introduction to Modern Macroeconomics, by Thomas M. Havrilesky of Duke University, is 
gaining ground as a successful alternative to both New Classical textbooks that many students find 
too difficult and texts using the obsolete LM—Is approach. 

introduction to Modern Macroeconomics, with a complete study guide and a computer 
tutorial disk designed for use on IBM PC compatible systems, now makes the theories and 
applications of intermediate macroeconomics understandable to an even wider range of students. 

If you are looking for a modern text that does not use LM/Is curves, that is easier to use than the 
few New Classical texts now available, that uses supply and demand to provide insight into 
contemporary views of current macroeconomic issues, that provides superb ancillary tools students 
can use at their own pace, you need to see this text! 448 pages 


Available December 1985: Computer Tutorial Disk: 

Student's Assistance Manual Simulation Exercises 

208 pages (Free of charge with adoptions of the text) 
Of related interest: 


Dynamics of Banking 


Edited by Thomas M. Havrilesky, Duke University; Robert Schweitzer, University of Delaware; and John T. Boorman, 
International Monetary Fund 


A tidal wave of deregulation and innovation has swept over the financial services industry. It is provoking a 
revolution in bank management behavior, eroding the concept of distinct bank product and geographic 
markets, and compelling a realignment of supervisory and regulatory agencies. Dynamics of Banking 
satisfies the urgent need for a collection of readings that thoroughly covers the contemporary issues in this 
rapidly changing environment. 460 pages 


Modern Concepts in Macroeconomics 
Edited by Thomas M. Havrilesky, Duke University 


Rampant growth in the size of government, runaway inflation, severe criticism of the rational expectations 
hypothesis, and a fundamental questioning of fiscal policy all create a demand for a collection of easily 
understood readings for macroeconomics and money and banking courses. Modern Concepts in 
Macroeconomics avoids complex mathematical and graphical formulations while it helps introduce 
students to the latest developments in macroeconomic theory and policy. 528 pages 


For serious adoption consideration, please write for examination copies on departmental stationery giving course title 
and approximate enrollment. . 


HARLAN DAVIDSON, INC. 
3110 North Arlington Heights Road 
Arlington Heights, Illinois 60004-1592 
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The First Family 
of Forecasting 


ee are STN, 


| INANCIAL MOD! 


ECONOMICA, Inc., the pioneer of PC-based 
forecasting, specializes in software for economists, 
managers, and planners. We've combined the 
speed and convenience of personal computing with 
the accuracy of advanced economic modeling to put 
the future at your fingertips. 


No Delays, No Hidden Fees 


Because ECONOMICA software operates on your 


own IBM® PC, PC/XT,™ PC AT,™ or any other 
MS-DOS™ system, we've eliminated the delays, 
constraints and hidden costs of mainframe services. 
You can generate forecasts as often as you like, for 
as many variables as you need. And you can cus- 
tomize the equations and alter the assumptions with 
just a few keystrokes. 


Fully Integrated Software 


ECONOMICA offers a fully integrated software 
family. This allows you to move data from one pro- 
gram to another without redundant keystroking or 
tedious programming. And all ECONOMICA pro- 
grams present a variety of format options—from 
simple spreadsheets to elaborate graphics. 


From the Makers of FAIRMODEL 


To satisfy all your forecasting needs, ECONOM- 


ICA announces the addition of two software pro- 
grams to its product line, both compatible with our 
acclaimed FAIRMODEL package for macroeconomic 
forecasting. 


IBM is a registered trademark and PC/XT, and PC AT are 
trademarks of International Business Machines Corp. 
MS-DOS is a trademark of Microsoft Corp. ESPis a 
registered trademark and The Econometric Software 
Package is a trademark of MIKROS Corp. 


=o. 


f ESP 


ESP®-The Econometric 
Software Package™ 


ECONOMICA now has publishing rights to ESP, 
the premier econometric software package. This 
comprehensive forecasting tool integrates econo- 
metric and statistical analyses with advanced 
graphics and data management. With ESP, you 
can formulate your own models and generate cus- 
tomized forecasts using either your own data or 
FAIRMODEL predictions—or both, so that you can 
monitor the effects of economic changes in your 
own industry and in your markets on your compa- 
ny's sales and profits. 


FINANCIAL MODEL 


Designed by Dr. Ray Fair, named the nation's top 
forecasting economist in the Business Week survey, 
Financial Model evaluates portfolio outlook through 
the year 2000. The model forecasts money supply, 
interest rates, flow of funds, deposits, outstanding 
credit, bond yields, Eurodollar rates, the Standard 
and Poor's 500-stock Index and more. 


For more information, Call ECONOMICA, 
Inc., 2067 Massachusetts Ave., Cambridge, 
Mass. (617) 661-3260; TELEX via WUI 
6502773397 MCI. Or visit us in Booth 91B 
at the ASSA meeting in New York. 


FROM THE GROWING 


SOFTWARE FAMILY 
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NEW FROM PRAEGER 


International and 
Developmental Economics 


THE POLITICAL ECONOMY 
OF REGIONALISM IN AFRICA 
A Decade of the Economic Community 
S. K. B. Asante, University of Florida 
The first full-scale siudy of the Economic 
Community of West African States (ECOWAS) 
examining the perspectives, strategies and 
approaches of the group. 

1985. 288 pp. Cloth. $37.95 ISBN 0-03-005902-X 


ONE WORLD ONE FUTURE 


New International Strategies for 
Development 

edited by Ashok Bapna, University of 
Rajasthon, India 

Leading economists join such international 
figures as Indira Gandhi, J. Perez de Cuellar, 
and Robert MacNamara to explore issues of 
the New International Economic Order 
including trade, aid, debt, finance, defense, and 
disarmament. 

1985. 364 pp. Cloth. $42.95 ISBN 0-03-004963-6 


THE DETERMINANTS AND 
CONSEQUENCES OF TRADE 
RESTRICTION IN THE U.S. 
ECONOMY 

Victor A. Canto, University of 
Southern California, University Park 
Considers the practical implications of trade 
policy as it affects U.S. business and the 


international econamic scene. 
1986. 224 pp. Cloth. $32.95 ISBN 0-03-004964-4 


THE ECONOMICS OF THE 
CARIBBEAN BASIN 

edited by Michael B. Connolly, 
University of South Carolina, and John 
McDermott, University of South 
Carolina 

A unique mix of theory, practice, and case 
studies on the economic problems of the 
Caribbean Basin region bringing together 
leading scholars and practitioners. 

1985. 384 pp. Cloth. $41.95 ISBN 0-03-001674-6 


THE IMF POLICY PARADIGM 
The Macroeconomics of Stabilizatiuon, 
Structural Adjustment, and Development 
Wilfred L. David, Howard University 
An objective and comprehensive study of 
IMF policies describing the theoretical and 
analytical foundations of these policies. 

1985. 160 pp. Cloth. $34.95 ISBN 0-03-004408-1 


AN ECONOMIC ANALYSIS OF 
SOUTHERN AFRICAN 
AGRICULTURE 

William R. Duggan, former 
Agricultural Economist for the World 
Bank and Agricultural Consultant 
UN- ILO 

An economic history of Southern African 
agriculture from 1800 to the 1980s. The author 
employs unusual and controversial method- 
ology to explain the cause and effect of official 
agricultural policy and how village agriculture 
adapts to commercialization and technologizal 
change. 

1986. 272 pp. Cloth. $39.95 ISBN 0-03-003744-1 


BARTER IN THE WORLD 
ECONOMY 

edited by Bart S. Fisher, Patton, 
Boggs, and Blow, Washington, DC, 
and Kathleen M. Harte 


A practical guide to the mechanics of barter 
and countertrade. 
1985. 302 pp. Cloth. $39.95 ISBN (-03-071609-8 


INSIDE INTERNATIONAL 
TRADE POLICY 
FORMULATION 

A History of the 1982 US-EC Steel 
Arrangements 

Michael K. Levine, First National 
Bank of St. Paul 

An in-depth description of negotiations at the 
1982 United States-European Communities 
Steel Trade Arrangements, culminating 20 
years of uncertainty in US-EC -rade. 

1985. 176 pp. Cloth. $35.95 ISBN 0-03-003368-3 
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ECONOMIC NATIONALISM 
AND STABILITY 


George Macesich, Center for 
Yugoslav-American Studies, Florida 
State University 

Can policies of economic nationalism lead to 
monetary instability? This work examines the 
economic impact of nationalism in Third World 
nations, discussing how emerging nations use 
economic nationalism and how growing world 
interdependence may make such policies a 
cause of monetary instability. 

1985. 176 pp. Cloth. $32.95 ISBN 0-03-005748-5 


THE COMPETITION 
Dealing with Japan 
Thomas Pepper, Merit E. Janow, and 
Jimmy W. Wheeler, all of the Hudson 
Institute 
“This volume comes as a breath of fresh air. 
The authors warn against expectations of 
immediate improvement in trade patterns and 
encourage officials in both countries to focus 
on macroeconomic issues...” 
—Foreign Affairs 
“Its analysis goes well beyond the superficial. 
The authors’ insight into Japanese economic, 
social, political, and cultural processes and how 
they affect high level policy making is 
particularly useful... .”’ 
—William E. Brock, 
Former U.S. Trade Representative 
1985. 396 pp. Cloth. $24.95 ISBN 0-03-07 1049-9 


THE DYNAMICS OF 
ECONOMIC POLICYMAKING 
IN EGYPT 

Paul Rivlin, Lloyds Bank 
International, London 

Explores the design and implementation of 
economic policy in Egypt from the 1970s 
through the 1980s, examining how persistent 
economic problems result in part from the 
manner in which the policies were chosen and 
implemented. 

1985. 220 pp. Cloth. $34.95 ISBN 0-03-005018-9 








INTERNATIONAL 
TECHNOLOGY TRANSFER 
Concepts, Measures, and Comparisons 
edited by Nathan Rosenberg and 
Claudio Frischtak, both of Stanford 
University 

Shows how technology transfer can be very 
costly and that success is contingent upon 
such factors as the direction of indigenous 
technology and the political climate of the 
recipient country. 

1985. 364 pp. Cloth. $43.95 ISBN 0-03-000494-2 


TRANSNATIONAL BANKS AND 
THE DYNAMICS OF 
PERUVIAN FOREIGN DEBT 
AND INFLATION 

J. Manuel Uriarte, Carovet Industries, 
Peru 

Examines for the first time the detrimental 
effects of foreign loans on domestic prices and 
inflation in Peru based on a macroeconomic 
study of Peru from 1960 through 1980. 

1986. 208 pp. Cloth. $39.95 ISBN 0-03-002599-0 


THE CHINA QUESTION 
Essays on Current Relations Between 
Mainland China and Taiwan 

edited by Yu San Wang, Fairmont 
State College 

Provides much needed information on 
important economic and foreign policy 
developments in the People’s Republic of China 
and the Republic of China, emphasizing the 
competition between Peking and Taipei in the 
international arena. 

1985. 192 pp. Cloth. $35.95 ISBN 0-03-005379-X 


For your copy of these or other Praeger 
economics titles, check your local bookstore, 


“ Praeger 


PUBLISHERS 
521 Fifth Avenue New York, NY 10175 
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SPREADSHEET STATISTICAL PACKAGE 


_ySTAT™ 


Mainframe Capability, Accuracy and Speed 
for Your IBM Persanal Computer 





WORKS LIKE LOTUS’ 1-2-3, WITH FEATURES LIKE SAS 





= 


ySTAT is the only full-fledged spreadsheet stati- 
stical program =- a -powerful yet easy-to-use, 
stand-alone program to let you relax while per~ 
forming serious statistical analyses. 


It is almost effortless to use ySTAT even for the 
first time, As in Lotus! 1-2-3, you simply move 
the cursor to a desired item in the menu and make 
your selection, ySTAT offers many functions that 
are not available even in 1-23, such as vector 
formulas, lagged variables and dummy variables. 


Lets you enter or read data into the spreadsheet 
so that you can see the data by scrolling side= 
ways or up and down the spreadsheet. You may 
enter, edit, copy, move, and sort variables. 


Newly created or transformed data are immediately 
displayed on the screen. The data are verifiable. 
What you see is what you get ~ nothing is hidden 
away on a disk or in the computer memory. 


With ySTAT you rarely need to remember or enter 
filenames and variable names. The steps, the 
options, the filenames, and the variable names 
are automatically organized as a logical series 
of menus for you to select. 


Accepts data received from time sharing systems, 
or data generated by other PC programs. It reads 
individual raw data for up to 150 variables per 
record. The data may be numeric, alphabetic, or 
hybrid, with or without missing values, 


SYSTEM REQUIREMENTS: IBM Personal Computer (PC, IT, 


AT), or MS DOS compatibles; 1 floppy disk drive 
or a hard disk system; DOS 2.0 or 3.0 and 256K 
memory; with or without an 6087/80267 math ohip. 


PRICE: $395. 


The STATISTICAL PROCEDURES include; Correlation, 
Summary, Frequency, Crosstab, Graph, ANOVA, OLS 
(multiple regression), WLS, 2SLS, Cochrane-Orcutt 
method, Pooling of time series and cross section, 
Nonparametric tests, Distributed lag models, and 
Time-series models including Box-Jenkins model. 


ySTAT simplifies Forecasting. With a few key~ 
strokes, you can obtain forecasts singularly for 
one regression equation on simultaneously for 
several equations. No entry of coefficients or 
complicated formulas is required, Lets you play 
what-if forecasts right on the spreadsheet. 


ySTAT is a fast, accurate, economical, and, in 
many ways, superior alternative to mainframe 
computing. Unlike the mainframe and many of its 
micro-offsprings which display a large data set 
or table in fragamented parts and line by line, 
YSTAT's displays are rapidly presented as screen 
pages and can be scrolled or flipped over in all 
directions with a touch of one or two keys. 


Pressing only one keystroke, for example, you can 
reverse the rows and columns (transpose) of an 
entire data set. 


Imagine all these and many more features in one 
single program on only one disk - no swapping of 
disks. 


Introductory price at $295 for the 
first 1000 purchasers/inquirers, 


OUR GUARANTY: if you should find another statisti- 


eal program easier to use than ySTAT, you may 
return ySTAT for a refund within 60 days from the 
date of purchase. 


- RUN REGRESSIONS AND MAKE WHAT-IF SPREADSHEET FORECASTS USING ONLY A FEW KEYSTROKES. 





MING TELECOMPUTING INC. 





23 Oak Meadow Road, P.O. BOX 101, 


Telecommunications and Statistics for Microcomputers 
Lincoln Center, MA 01773 





€617) 259-0391 


Please send: ( ) ySTAT Package for $295. (Massachusetts residents: please add $14.95) 











{ ) ySTAT Trial Demo Disk and informaticn/sample output for $5. 
( ) ySTAT information/sample output. 
My system: ( ) IBM PC. ( ) IBM XT. ( ) IBM AT. ( ) other 
( ) with 8087 or 80287 math co-processor. Memory K 
Paynent: ( ) a cheok ís enclosed. 
( ) Visa. ( ) MasterCard. Credit Card # Expiratior. Date: ___ /-— 
( ) a university or government purchase order enclosed. 
Nane Signature (if charged) 
Address A 








Telephone: ( ) 


(Come and see ySTAT in Exhibit Booth #27 at the AEA Meetings in New York, Dec, 28-30, 19655.) 
TEM ia a registered trademark of International Business Kachines Corp., 1-2-9 of Lotus, SAS of SAS Institute 
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New Titles 


THE FERTILITY REVOLUTION 
A Supply-Demand Analysis 


Richard A. Easterlin 
and Eileen M. Crimmins 


Drawing on data from four developing 
countries—Colombia, India, Sri Lanka, and 
Taiwan—this study presents and tests a 
fertility theory that has gained increasing 
attention over the last decade, a “supply- 
demand theory” that integrates economic and 
sociological approaches to fertility determina- 
tion. Among the authors’ controversial 
conclusions is the finding that couples’ 
motivation for fertility control appears to be 
the prime mover in the fertility revolution, 
rather than access to family planning services 
or unfavorable attitudes toward such services. 
Cloth $24.95 224 pages 





A GENERAL EQUILIBRIUM 
MODEL FOR TAX POLICY 
EVALUATION 


Charles L. Ballard, Don Fullerton, 
John B. Shoven, and John Whalley 


This book reports research on a highly 
sophisticated general equilibrium model 
designed for tax policy analysis, one which 
represents the U.S. economy and tax system 
in a large computer package. The authors 
use the model to consider possible modifica- 
tions of the tax system and to compare their 
outcomes. Many of the conclusions emerging 
from the model are particularly relevant to 
current policy debates. 

An NBER Monograph 

Cloth $36.00 274 pages 


in Economics 






EDA 
PENSIONS, LABOR, 
AND INDIVIDUAL CHOICE 


Edited by David A. Wise 


The papers in this volume address two 
aspects of the relation between varieties of 
labor coverage and participation in the labor 
force: first, the strong correlation between 
age at retirement and kind of pension 
coverage and, second, the high cost imposed 
by pension plans on workers who change 
jobs, thus reducing instances of job change. 
An NBER Project Report 

Cloth $50.00 464 pages 


HORIZONTAL EQUITY, 
UNCERTAINTY, AND 
ECONOMIC WELL-BEING 


Edited by Martin David 
and Timothy Smeeding 


This volume looks at the concept of 
“economic well-being” and the ways that 
analysts have tried to measure it. Economists 
have begun to consider not only income but 
such factors as pensions, wealth, health, and 
environment and economic uncertainties like 
inflation, divorce, and retirement when 
measuring the well-being of a particular 
group. Concentrating on issues of uncertainty 
and horizontal equity (the equal treatment of 
individuals within a defined group), the 
contributors to this book point to better ways 
of determinining how various groups in a 
society are faring relative to other groups. 
NBER Studies in Income and Wealth, Vol. 50 
Cloth $55.00 536 pages 


The University of C H IC AG O Press 
(801 South Elis Avenue, Chicago, IL 60637 _] 
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ECONOMETRIC SOFTWARE 
FROM TSP 


TSP” 4:0: agreatly enhanced edition of the Time Series Processor software package. in 
use at over 650 sites worldwide. The new release features 


e Convenient data manipulation for time series and cross section data; full miss- 
ing value capabilities. 

e All standard econometric techniques, ordinary least squares, two and three- 
stage least squares, polynomial distributed lags, autoregressive correction. 
Nonlinear eszimation for single and multi-equation models. 

Forecasting and solution of simultaneous models. 

Box-Jenkins identification, estimation, and forecasting. 

Databank facility for IBM, Vax, Prime, and Univac computers. 

Many other features such as matrix algebra which makes TSP acomplete pro- 
gramming language for econometric problems. 


RATS : a complete package for vector autoregressive models of time series, written by 
Litterman and Doan of VAR Econometrics. It features the estimation and simulation of 
VAR and ARIMA models, as well as a powerful set of spectral analysis techniques. 


PROBIT : for the binary probit model. 
MLOGIT : for the multinomial or conditional logit model. 


TSP international 928 Mears Court, Stanford. CA 94305. (415) 326-1927 


\, 
NA THE DEBT CRISIS AND FINANCIAL 
STABILITY: THE FUTURE 


Issues of overwhelming importance discussed by Luis Catan, Irving Friedman, 
Denis Healey, William Rhodes, Walter Shipley and other world finance experts 
and academicians at a conference at Pace University, New York City. 


“The Pace conference brought together an outstan- 

Lee ding group of international financial experts and 
AND FINANCIAL academicians... and all those concerned with inter- 
STABILITY: national banking and finance can study (this 


THE FUTURE < A 
volume) with profit.” 


Leonard Silk 
Economics Columnist 
The New York Times 


Cloth. Order your copy by sending check or money order in U.S. funds: 


U.S., Canada and Mexico $28.95 To: Pace University 
(includes first class postage) Attn: Comptroller 

All other countries: $31.95 Pace Plaza 
(includes air mail postage) New York, NY 10038 
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Protection, Growth and Trade 
Essays in International Economics 

W. MAX CORDEN 

$45.00 320 pp. 0-631-14529-X 


Frontiers of Economics 
KENNETH J. ARROW and 

SEPPO HONKAPOHIA, eds. 
$39.95 300 pp. 0-631-13408-5 


Welfare Economics 

Theory and Applications f 

ROBIN BOADWAY and NEIL BRUCE 

$45.00 336pp. 0-631-13326-7 

$19.95 paper 0-631-13327-5 

Russian Statecraft 

The Politika of Iurii Krizhanich , 

JOHN M. LETICHE and BASIL DMYTRYSHYN 
$29.95 300 pp. 0-631-13809-9 


Japan and the Developing 
Countries 

KAZUSHI OHKAWA and GUSTAV RANIS, eds. 
$45.00 320pp. 0-631-13792-0 

New in Paper 

The Political Economy of 
Development in India 
PRANAB BARDHAN 

$24.95 130pp. 0-631-13544-8 

$9.95 paper 0-631-13545-6 
International Political 
Economics 

BRUNO S. FREY 

$34.95 250 pp. 0-85520-748-5 


Epochs of Economic Theory 
A.K. DASGUPTA 

$24.95 224pp. 0-631-13786-6 

The History of Modern 
Economic Analysis 

ROGER BACKHOUSE 

$34.95 470pp. 0-631-14314-9 


The Theory of Unemployment 
Reconsidered Second Edition 
EDMOND MALINVAUD 

$9.95 paper 140pp. 0-631-14371-8 


Mass Unemployment 
EDMOND MALINVAUD 
$19.95 140pp. 0-631-13704-1 


The Economics of Time 

and Ignorance 

GERALD P. O'DRISCOLL and MARIO RIZZO 
$34.95 320pp. 0-631-13343-7 


Rational Expectations and the 
New Macroeconomics 

PATRICK MINFORD ahd DAVID PEEL 
$34.95 230pp. (-85520-713-2 

$14.95 paper 0-85520-714-0 


Disequilibrium 
Macroeconomics in 
Open Economies 

JOHN T. CUDDINGTON, PER-OLAY 
JOHANSSON and KARL-GUSTAF LOFGREN 
$34.95 272 pp. 0-631-13532-4 
Rational Expectations 

in Macroeconomics 

C.L.F. ATTFIELD, D. DEMERY 

and N.W. DUCK 

$39.95 232pp. (+631-13963-X 
$16.95 paper 0-631-13964-8 
Advanced Mathematics 
for Economists 

Static and Dynamic Optimization 
PETER J. LAMBERT 

$45.00 224pp. 0-631-14138-3 
$14.95 paper 0-631-14139-1 
Economics and 
Quantitative Economics 


DAVID F. HENDRY and 
KENNETH F. WALLIS, eds. 


$39.95 320pp. 0-631-13797-1 


Mathematical Methods 

for Economists 

Lectures on Economics, Third Edition 
STEPHEN GLAISTER 


$14.95 paper 216 pp. 0-631-13712-2 — 


Mathematics for Economists 
MARTIN TIMBRELL 

$34.95 256 pp. 0-631-14086-7 

$14.95 paper 0-631-14087-5 


§ Basil Blackwell 


432 Park Avenue South, Suite 1505 
New York, NY 10016 


Toll-free Ordering: 1-800-638-3030 


Write for our latest catalog. Ask about our 
special introductory offer! 


Basil Blackwell titles are distributed through 
Harper & Row Publishers. 
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_ AEA sponsored 
-Group Life Insurance 
for you and your family— 
at attractive rates! 


The AEA Group Life Insurance Plan can help provide 
valuable supplementary protection—at attractive rates—for 
eligible members and their dependents. 

Because AEA participates in a large Insurance Trust 
which includes other scientific and technical organizations, the 
low cost may be even further reduced by premium credits. In 
the past eight years, insured members received credits on 
their April 1 semiannual payment notices averaging over 44% 
of their annual premium contributions. (These credits are based 
on the amount paid during the previous policy year ending 
September 30.) Of course future premium credits, and their 
amounts, cannot be promised or guaranteed. 

Now may be a good time for you to re-evaluate your 
present coverage and look into AEA Life Insurance. Just fill out 
and return the coupon for. more details at no obligation. 














r 1 
l l 
l Administrator, AEA Group Insurance Program G-8 l 
f 1255 23rd Street, N.W. I 
l Washington, D.C. 20037 I 
I I 
| Please send me more information about the AEA Life Insurance Plan. l 
l Name > Age l 
! Address ! 
[city State Zip i 
l l 
L d 


Or—call today Toll-Free 800-424-9883 
(Washington, DC area, call 296-8030) 
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LEADING ECONOMIC INDICATORS. 


Citibank, 1812—1970 
Harold van B. Cleveland and Thomas E Huertas 
The authors, both executives at Citibank, have skillfully placed the critical 
decisions of strategy, policy, and operations within the dader economic and 
institutional context, to provide the most comprehensive history of a major - 
American bank ever written. 
Harvard Studies in Business History, 37 f $25.00 






















Advanced Econometrics 
Takeshi Amemiya 


Both a comprehensive text for graduate students and a reference for econo- 
metricians, this book features a thorough treatment of cross-section models, 
including qualitative response models Markov and duration models, a rigor- 
ous presentation of large sample theory, classical least-squares and generalized 
least-squares theory, and nonlinear simultaneous equation models. $ 
39.50 


Decision Making under Uncertainty 
The Case of State-Dependent Preferences 
Edi Karni 


The author Po a self-contained, comprehensive, and unified treatment of 
the theory of decision making under uncertainty with state-dependent 
preferences. $22.50 


Available in paperback 
The Supply-Side Revolution 


An Insider’s Account of Policymaking in Washington 
Paul Craig Roberts l 
“[A] timely masterpiece . . . Roberts’ chronicle of how economic policy was 
formulated in 1981—1982 is eye-opening .. . It will have a real impact on 
_ economic thinking in the years ahead.’—M. S. Forbes, Jr., Forbes 


- $8.95 paper 
Choice and Consequence 
Thomas C. Schelling 
“Without exception, the essays are witty, erudite and stimulating’ 
—Wall St. Journal 
$8.95: paper 


: ; from 
: HARVARD UNIVERSITY PRES 
Cambridge, MA 02138 | 
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New from Cambridge 


The Theory of General Economic Equilibrium 
A Differentiable Approach 
Andreu Mas-Colell 


Andreu Mas-Coleil’s pioneering work using differential topology in the analysis of general 
equilibrium is considered one of the major contributions to the development of economic theory in 
the past twenty years. In this book, he brings his work together to show its scope and power, while 
making it accessible to the broader range of economic theorists and advanced students. 
Econometric Society Monographs 

Cloth $39.50 


Economic Theories in a Non-Walrasian Tradition 
Takashi Negishi 


Topics covered include: the division of labor, economies of scale, wages, profit, international ` 
trade, market mechanisms, and money. These are considered in the light of the well-known, non- 
Walrasian schools of thought: the classical, Marxian, Austrian, and Cambridge schools. 

Cloth $34.50 


Analytical Studies in Transport Economics 
Andrew F Daughety, Editor 


Written by leading scholars in the field, this volume presents up-to-date research in transport 
economics and covers inter-city freight and air passenger transport. The eight papers included use 
a-range of modelling approaches and are concerned with the analysis of current issues: industry 
productivity, optimal pricing, regulation, prediction of equilibrium, and problems of competition. 

Cloth about $39.59 


Britain's Economy 
The Roots of Stagnation 
Aubrey Jones 


Professor Jones cites two causes for the decline of Britain's economy: first, a technological 
inferiority that has resulted in the country’s importing better goods than it exports; and second, the 
tendency for an upward pressure on incomes from a society where each individual has 
expectations of a level of income comparable with others. He concludes that the present British 
government has reached a false diagnosis in ascribing the country’s problems to too much money 
and has therefore made the situation worse and dimmed the hopes for recovery. 

"5 Cloth about $29.95 


Collective Decision Making 
An Economic Outlook 


Shmuel Nitzan and Jacob Paroush 
The authors develop a framework for the study of collective decision making. They examine the 

effect of the size of the decision-making body; incomplete information on decisional skills; 
interdependence among decisions; shadow prices of decision rules; arid decision-making costs 
and benefits on optimal group decision making.-The model is then illustrated in a range of different 
fields, including industrial organization, labor economics, and in the design of consulting schemes, 
medical diagnostic systéms, and corporate law. 

Cloth about $29.95 
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— New from Cambridge 


New Paperbacks... 


Money in the Macroeconomy 


Martin Prachowny 

This book focuses on the role of money in the macroeconomy, and on monetary policy as an 
instrument for controlling inflation and unemployment. Three important macrovariables are’ 
featured: the rate of inflation, the interest rate, and output/income, Behavioral relationships in the 
goods, money, and labor markets determine these variables, using the now common ISLMAS 
model. a Cloth about $39.50 Paper about $15.95 


Advances in Economic Theory 


Invited Papers for the Fourth World Congress of the Fourth World Congress of 
the Econometric Society at Aix-en-Provence, September 1980 


Werner Hildenbrand, Editor 

Contributors: Theodore Groves, Jean- -Jacques Laffont, Eric Maskin, Roy Radner, Jean-Pascal 
Benassy, Yves Younes, Jean-Francois Mertens, Andreu Mas-Colell, Hugo Sonnenschein, John B: 
Taylor, Richard Schmalensee. 
Econometric Society Monographs 3 Cloth $34.50 Paper $14.95 


Advances in Econometrics 


Invited Papers for the Fourth World Congress of iie Econometric Society at ` 
Aix-en-Provence, September 1980 


Werner Hildenbrand, Editor 

Contributors: Daniel McFadden, James J. Heckman and Burton Singer, Jerry A. Hausman, TW. 
Anderson, PC.B. Phillips, R.E. Kalman, John Geweke, C.W.J. Granger, Thomas J. Rothenberg, 
G.B.A. Evans and N.E. Savin, Zbigniew Czerwinski and Wladyslaw Welfe. 
Econometric Society Monographs Cloth $39.50 Paper $14.95 


Managing International Risk 


Essays Commissioned in Honor of the Centenary of the Wharton School, . 
University of Pennsylvania. 


Richard J Herring, Editor 


“Richard Herring is to be congratulated on the successful editing of the vast range of material 
presented into a coherent.and readily intelligible whole, and I am confident that both academics 
and practitioners will find the two volumes exceedingly useful” — The Economic Journal 

- Cloth $32.50 ` Paper about $14.95 


Managing Foreign Exchange Risk 


Essays Commissioned in Honor of the Centenary of the Wharton School, 
Pennsylvania 


Richard J. Herring, Editor 


These essays present a broad and up-to-date survey of what we know about foreign exchange 
risk and how to cope with it. The issues addressed include the factors that give rise to foreign 
exchange risk, the scope for government policy to deal with it, the gains achieved by diversifying 
foreign exchange risk, techniques for forecasting foreign exchange rates, accounting for foreign 
exchange exposure, and the case for an active approach to foreign exchange management. 

Cloth $32.50 Paper about $14.95 


` All prices subject to change. 
At bookstores or from 


CAMBRIDGE UNIVERSITY PRESS 


32 East 57th Street; New York, NY 10022 
800-431-1580 (outside New York State and Canada) 
MasterCard and Visa accepted 
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BENEFIT 
FROM THE 
PERIENC 


RICHARD McKENZIE 


Ste Merger far 
MICROECONOMICS Clemson University 


ECONOMICS 
Complete Hardcover Edition: 700 pages 


MACROECONOMICS: paper » 464 pages 
MICROECONOMICS: paper * 576 pages 


} Study Guide « Instructor’s Manual 
i i Test Bank + Computerized Test Bank 
: December 1985 


Combining experience in national 
policy-making and in teaching, Richard 
McKenzie offers a new textbook that 
presents economic principles in terms 
__ everyone can understand. 
Menon Boxed “Perspectives on Econom- 

ECONOMICS ics” many written by specialists 
especially for this text— focus on 
today’s critical issues. 


For adoption consideration, request 
ar. examination package from your 
regional Houghton Mifflin office. 


Š. 
Houghton Mifflin Company 


13400 Midway Rd., Dallas, TX 75244-5165 
1990 S. Batavia Ave., Geneva, IL 60134 
989 Lenox Dr., Lawrenceville, NJ 08648 

- 777 California Ave., Palo Alto, CA 94394 


Yo e 
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WORLD RECOVERY 
WITHOUT INFLATION? 


EDITED BY RANDALL HINSHAW 


Trade and exchange rate policy, the need for international economic coordi- 
nation, and gold’s role in the international monetary system are among the 
topics debated by some of the world’s foremost economists and bankers. 
Sharp disagreements emerge amid unanimous concern over high interest 
rates, the U.S. budget deficit, the increase in protectionist pressures, and the 
critical problem of Third World debt. 


$20.00 


MULTICOUNTRY INVESTMENT 
ANALYSIS 


Loet B. M. Mennes and Ardy I. Stoutjesdijk 


Regional trade cooperation agreements among developing countries require 
both economic efficiency and equal distribution of costs and benefits. In an 
analysis of fertilizer capacity expansion in the countries of the Andean Com- 
mon Market, the authors find that it will usually be possible to introduce an 
element of equity into an investment program without eliminating the gains 
from regional cooperation. 

The Planning of Investment Programs, no. 4 


$25.00 hardcover $12.00 paperback 


DOLLAR GNPS OF THE USSR 
AND EASTERN EUROPE 


Paul Marer 


Centrally planned economies (CPEs) account for a significant share of the 
world’s production, but obtaining reliable data for CPEs poses difficult prob- 
lems. This volume assesses alternative methods of computing the dollar GNPs 
and growth rates of the USSR, Eastern Europe, and Cuba and gives the best 
available estimates of pertinent economic figures. 


$27.00 Y 





THE JOHNS HOPKINS UNIVERSITY PRESS 


701 West 40th Street, Suite 275, Baltimore, Maryland 21211 





Please mention THE AMERICAN Economic Review When Writing to Advertisers 


xxxiii 





New from MIT 
Discrete Choice Analysis 


Theory and Application to Travel Demand 
Moshe Ben-Akiva and Steven R. Lerman 
This text brings together scattered and often inaccessible results, presenting 
them so that they may be used by the range of students and professionals who 
ch roe in modelling demand and consumer behavior in general. 

32.5 


Scientific Papers of 

Tjalling C. Koopmans 

Volume II 

Tjalling C. Koopmans l 

Tjalling C. Koopmans shared the 1975 Nobel Prize for his work 


on the theory of optimal utilization of resources. This collection, 
which includes his Nobel speech, presents Koopmans’s work on 
_ such topics as the representation of preference orderings, the 
computation of an optimal stationary capital stock, the compari- 
son of economic systems, optimal growth theory, and models of 
pleat and other exhaustible resources. 
35.0 





The Political Economy of International 


Monetary Interdependence 
Koichi Hamada 
translated by Charles Yuji Horioka and Chi Hun Kwan 
Hamada, one of the originators of the game-theoretic approach to the study of 
economic interdependence, applies current methods of game theory to the 
problem of choice of international monetary regimes in a world where goods 
hd and capital markets are increasingly integrated. 

22.50 


Essays in Development Economics 

Volume 1: Wealth and Poverty 

Volume 2: Dependence and Interdependence 

Jagdish N. Bhagwati 

- edited by Gene M. Grossman 

“Jagdish Bhagwati’s elegant analysis shows us important features of the real 
world. At the same time, his writings are inspired by a vision of a better world. 
Humour and wit enliven the instruction.” —Paul Stresten, Boston University 
$37.50 each volume 


Write for our current economics catalog 


28 Carleton Street 
Cambridge, MA 02142 


THE MIT PRESS 
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Economic Policy in an 
Interdependent World 


Essays in World Economics 

Richard N. Cooper 

While largely analytical, these essays draw on Cooper's exten- 
sive experience as a government official, focusing in particular 

on the opportunities and constraints for national economic pol- 

icy in an environment where goods, services, capital, and even 

labor are increasingly mobile. 

$27.50 


Model Reliability 

edited by David A. Belsley and Edwin Kuh 

This book addresses an often neglected aspect of econometrics, the question 
of how to assess the specification, strengths, weaknesses, limits, and sensi- 
tive features of a model. The contributions are the result of a five-year inter- 
university research project to improve understanding of concepts of model 
reliability. 

$30.00 


The Michigan Model of World Production 


and Trade 
Theory and Applications 
Alan V. Deardorff and Robert M. Stern 
The Michigan Model is distinguished among general equilibrium trade models 
not only for its coverage (34 countries and 29 industries) but for its allowance 
for a wider variety of important short-run interactions among markets and a 
greater variety of policy parameters and institutional details than many other 
models permit. This book describes and discusses the Michigan Model and 
or ae has been done to date. 

30. 


Devaluation Under Pressure 

India, Indonesia, and Ghana 

David B. H. Denoon 

Denoon’s study illustrates the options open to a developing country’s political 
leaders when faced with a balance of payments crisis. It focuses on the practi- 
cal problems that policymakers have in planning and implementing a currency 
devaluation and is based not only on the usual secondary works but also on 
interviews with some of the policymakers involved and on primary, classified 
documents. 

$25.00 


Selected Essays of Gottfried Haberler 
edited by Anthony Y. C. Koo 

Gottfried Haberler’s contributions to the field of international trade and finance 
began in the 1920s with a seminal paper on comparative costs. His continuing 
contributions to open economy analysis, development, business cycles and 
inflation, the theory of money, and rational expectations are highlighted in this 
eon of 27 essays spanning the years 1925 to 1980. 
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SICHEL & GARDNER 


THE RATIONAL CHOICE 


ECONOMICS 

Martin Bronfenbrenner, Aoyama Gakuin University, Japan 
Werner Sichel and Wayland Gardner 

Both of Western Michigan University 


Complete Hardcover Edition: 822 pages 
MACROECONOMICS: 464 pages * paper 
MICROECONOMICS: 556 pages ° paper 


Study Guide by Rose Pfefferbaum, Mesa Community College 
Instructors Manual « Test Bank * Computerized Test Bank 
Color Transparencies * Computer Graphics Package » 1984 


Offering a framework for teaching introductory eco- 
nomics in the 1980s, the Bronfenbrenner/Sichel/Gardner text 
features a thorough treatment of aggregate demand/supply 
analysis, coupled with an eclectic approach that combines 
Keynesian, monetarist, and supply-side elements throughout. 


Also of interest = 


Form and Style: Theses, Reports, 1 Term Papers, Seventh Edition 
William Giles Campbell « Stephen Vaughan Ballou 
Carole Slade, Columbia University 


About 224 pages « spiralbound « December 1985 





For adoption consideration, request examination copies 
from your regional Houghton Mi-flin office. 
Houghton Mifflin 13400 Midway Rd., Dallas, TX 75244-5165 


1900 S. Batavia Ave., Geneva, IL 60134 * 989 Lenox Dr., Lawrenceville, NJ C8648 
777 California Ave., Palo Alto, CA 94304 
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Leftwich, Sharp 
Economics of Social Issues, 7th Ed 
Rose i 


Money and.Capital Markets, 2nd Za. 


Southwick 

„Managerial Economics 

Black, Daniel 

Money and Banking: Contemporary Practices, Policies and Issues, 2nd Ed. 
Harrison 3 

Money, Financial Institutions and the Economy 

Coyne 

Managerial Economics: Analysis and Cases, 5th Ed. 

Coyne , 

Readings in Managerial Economics, 4th Ed. 

DeLorme, Ekelund ` 

Macroéconomics 

Leftwich 

A Basic Framework for Economics, 2nd £a. 

Solberg 

Intermediate Microeconomics 

Rose, Fraser 4 

Financial Institutions, 2nd £d. 

Fraser, Rose . 
Financial Institutions and Markets in a Changing World, 2nd £d. 





Business Publications, Inc.| 


1700 Alma Rd., Suite 390, Plano, Tx 75075 
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Economics [Textbooks 
From South-Western 


k 


- -Än Intermediate Text ; 








COLLEGE DIVISION 
5101 Madison Road, Cincinnati, Ghio 45227 513/271-8811 
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Why smart is betier than big. 
You remember the dinosaurs. Big, 

heavy, impersonal brutes that no one talks 

about much any more. They were, you'll recall, 

replaced by creatures that were a whole lot 

smarter 
We'd like you fo think about this, and 

South-Western Publishing's College Division. 

Because we're also a whole lot smarter than our 

competition. With highly qualified in-house 

editors. Outside reviewers ycu'll know and trust. 

A smart, well trained sales force. And the brains 

fo know that every book is different, and to 


work with you to provide whatever's needed 
to make yours a winner 


So if you have a manuscript you don't 
want condemned to extinction, call us at 
(513) 527-6384. It could be tne smartest move 
you ever made. 


SOUTHWESTERN 


COLLEGE DIVISION 





Please mention TuE American Economic Review When Writing to Advertisers 


AMERICAN ECONOMIC ASSOCIATION 
1986 ANNUAL MEMBERSHIP RATES 


Membership includes: 


-—a subscription to both The American Economic Review (quarterly) plus Papers and Pro- 


ceedings and the Journal of Economic Literature (quarterly). 


@ Regular members with annual in- 
comes of $30,000 or less 


@ Regular members with annual in- 
comes above $30,000 but no more 
than $40,000 


@ Regular members with annual in- 
comes above $40,000 


@ Junior members (available to regis- 
tered students for three years only). 


Student status must be certified by 
your major professor or school 
registrar 


In Countries other than the U.S.A., 
Add $12.00 to cover postage. 


Family members (persons living at 
the same address as a regular mem- 
ber, additional memberships without 
subscription to the publications of 
the Association) 


Please begin my issues with: 
C March O June 


(Includes Papers 
and Proceedings) 


{1 September © December 


First Name and Initial 


MAJOR FIELDS (TWO ONLY) 
lf FIELDS wn WHICH 
D CODE FROM EL, 


“cls eation System 
for Books. 


et E 


State or Country Zip/Postal Code 


Address Line 1 


Address Line 2 


Please type or print information above; Please pay us either with a check or money 
order payable in United States Dcllars. Canadian and foreign payments must be in the 
form of a draft or check drawn on a United States bank payable in United States Dol- 
lars, Please note: It is the policy of the Association, not to refund membership payments. 


Endorsed by (AEA member) 
Below for Junior Members Only 


| certify that the person named abcve is enrolled as a student at 


Authorized Signature 


PLEASE SEND WITH PAYMENT TO: 


AMERICAN ECONOMIC ASSOCIATION 
1313 21ST AVENUE SOUTH, SUITE 809 
NASHVILLE, TENNESSEE 37212-2786 
U.S.A. 
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Economics Institute 
1030 13th Street 
Boulder, Colorado 80302 U.S.A. 


GUIDE TO GRADUATE STUDY IN ECONOMICS, 
AGRICULTURAL ECONOMICS, AND DOCTORAL 
DEGREES IN BUSINESS AND ADMINISTRATION 


in the United States of America and Canada, 7th edition, 544 pages 
edited by Wyn F. Owen and Larry R. Cross 
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Animals’ Choices over Uncertain Outcomes: 
Some Initial Experimental Results 


By RAYMOND C. BATTALIO, JOHN H. KAGEL, AND DON N. MACDONALD* 


This paper reports experiments dealing 
with rats’ choices between uncertain pros- 
pects. The experiments take as their starting 
point that in choosing between prospects 
with discriminable outcomes, one of which 
dominates the other according to a first- 
degree stochastic dominance criteria, rats 
prefer the dominant alternative. Evidence on 
this point is twofold. First, in choosing be- 
tween two alternatives which are identical 
with respect to quantity and quality of rein- 
forcement, but which differ with respect to 
probability of reinforcement, rats clearly pre- 
fer (choose more frequently) the alternative 
with the higher probability of reinforcement. 
Preferences become more extreme as dif- 
ferences in the probability of reinforcement 
increase, rapidly approaching nearly exclu- 
sive preference for the alternative with the 
higher probability of payoff (see Norman 
Sutherland and Nicholas Mackintosh, 1971). 
This is a robust result found in numerous 
experiments with different species of an- 
imals.' Second, in choosing between two out- 
comes which differ with respect to quantity 
but not quality or probability of rein- 
forcement, rats (and other animals) prefer 
the dominant alternative. This result is suffi- 


*Texas A&M University, College Station, TX 77843; 
University of Houston, Houston, TX 77004; and North- 
east Louisiana University, Monroe, LA 71201; respec- 
tively. Support from the National Science Foundation 
was essential to conducting this research. The advice of 
Len Green and the assistance of Carl Kogut and Steve 
White in conducting the experiments is gratefully 
acknowledged. Tom Caraco, Mark Machina, and Dan 
Levin’s comments on earlier drafts helped clarify a 
number of conceptual issues. Responsibility for errors 
remains ours alone. 

1Failure to maximize in discrete trial experiments 
only occurs when a correction or guidance procedure is 
used so that if subjects first choice on a trial is not 
reinforced on that trial, it then receives reinforcement 
on the other alternative (Sutherland-Mackintosh). The 
data from these experiments clearly support a maximiz- 
ing, as opposed to a probability matching (R. Duncan 
Luce and Patrick Suppes, 1965), formulation. 
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ciently robust that virtually all behavioral 
models predict it, whether they incorporate 
maximizing principles or take pains to sep- 
arate themselves from maximizing formula- 
tions. Studies here have been limited almost 
exclusively to certain prospects, undoubtedly 
because the extension to uncertain outcomes 
appears too trivial to pursue. 

With the notable exception of some recent 
research by Thomas Caraco (1981, 1982) and 
Caraco et al. (1980), only a handful of papers 
have been reported which extend the study 
of animals’ choices over uncertain prospects. 
These have been primarily confined to de- 
termining the presence or absence of risk 
aversion via a series of pairwise choices be- 
tween a certain prospect and an uncertain 
one with equal expected value. These studies 
have shown clear, but far from universal, 
preference for the certain prospect under 
normal conditions (see, for example, Frank 
Logan, 1965; Leslie Real, 1981; J. E. R. 
Staddon and Nancy Innis, 1966; Keith Wad- 
dington et al., 1981; John Young, 1981). 

We report three series of experiments here. 
In the first experiment, rats choose over 
prospects with equal expected values, which 
differ by mean preserving spreads (Michael 
Rothschild and Joseph Stiglitz, 1970). We 
test for risk aversion over the range of con- 
sumption variation covered, and transitivity 
of choices based on pairwise comparisons 
across prospects (weak stochastic transitiv- 
ity). In addition, using a strength of prefer- 
ence measure, we determine if the preference 
ordering matches the ordering based on dif- 
ferences in risk premiums between prospects 
as expected utility theory suggests (strong 
stochastic transitivity). We find risk aversion 
(over food pellets) satisfied throughout, and 
weak, but not strong, stochastic transitivity 
over prospects. The second experiment looks 
at risk preferences at varying consumption 
levels, where consumption is measured in 
terms of total daily food intake. Consump- 
tion varies by a factor of 200 percent, with 
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low-consumption levels insufficient to cover 
long-run net energy requirements (and result- 
‘ing in rapid and substantial weight losses), 
and with high-consumption levels approach- 
ing satiation. The rats display constant to 
mildly decreasing risk aversion throughout, 
with no tendency to risk loving under the 
negative net energy budget condition as some 
recent biological research suggests. The third 
experiment is designed to induce violations 
of the independence axiom of expected util- 
ity theory through mimicing conditions reli- 
_ ably resulting in violations with human sub- 
_ jects choosing over hypothetical outcomes. 
These involve tests of the “common ratio” 
effect (Maurice Allais, 1953), also called the 
“certainty effect” (Daniel Kahneman and 
Amos Tversky, 1979). Rats, too, violate the 
independence axiom in the Allais-type direc- 
tion. 

In a paper intended for an economics 
audience, no introduction would be complete 
without some brief remarks defending the 
use of animal subjects. This is particularly 
relevant in such a well-worked area of ex- 
perimentation as expected utility theory. The 
primary advantage of animal subjects is 
methodological, as they: involve a low-cost 
method of studying choices between real, 
highly valued alternatives, while most human 
experiments involve choices over hypotheti- 
cal outcomes or choices involving relatively 
small payoffs. This gives our experiments 
heightened saliency (Vernon Smith, 1982), a 
common criticism of tests of expected utility 
theory which employ hypothetical or low 
stakes outcomes, particularly when the test 
results fail to support the theory (Mark 
Machina, 1983a). (Unfortunately, the data 
all too commonly show discrepancies .be- 
tween choices over hypothetical and actual 
payoffs.)? In addition, agents here receive a 


2For instance, Ebbe Ebbesen and Vladimir Konecne 
(1975) could not predict the bail set by judges in a 
courtroom from their choices when faced with hypothet- 
ical bail-setting problems in the laboratory. Richard 
Nisbett and Timothy Wilson (1977) found that verbal 
reports were often inconsistent with other measures of 
behavior, while Sidney Siegal (1961) found that the 
phenomena of probability matching, which is at odds 
with choice on the basis of first-degree stochastic domi- 
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great deal of feedback regarding the out- 
comes of their choices, while studies involv- 
ing human agents commonly employ little 
feedback. To the extent that one can argue 
that “rational” behavior is at least in part 
learned behavior generated as a consequence 
of interacting with one’s environment, feed- 
back is important. 

Finally, as has been noted, outside of the 
extensive work on elements of first-degree 
stochastic dominance, there has been little 
research devoted to exploring questions of 
risk preference of animals of the sort typi- 
cally of concern to economists.? As such, the 
experiments should prove of interest to those 
concerned with developing general descrip- 
tive models of choice in uncertain contexts, 
and of particular concern to those interested 
in developing reliable models of animal be- 


. havior in uncertain contexts; as in devel- 


oping better, second-generation models, of 
optimal foraging behavior. 


I. Experiment 1: 
Effects of Mean-Preserving Spreads on Choice 


In this experiment, rats chose between al- 
ternatives that had the same expected value. 
Alternatives differed through mean-preserv- 
ing increases in risk and could be ranked 
unambiguously as being more or less risky 
according to the Rothschild-Stiglitz defini- 
tion. More precisely, subjects chose between 


nance criteria, was very much dependent on the absence 
of financial payoffs. The literature is far from com- 
pletely one-sided on the matter, however (Daryl Bem 
and Andrea Allen, 1974; David Grether and Charles 
Plott, 1979), indicating the need for testing propositions 
with real payoffs wherever possible. 

3 Psychologists have extensively compared choices be- 
tween alternatives with a known time delay to rein- 
forcement vs. an alternative with varying and uncertain 
time delays, where the mean time delays were the same 
(as was the size of the reward once delivered). This 
literature shows a marked preference for the alternative 
with uncertain time delays (Peter Killeen, 1968). This 
can be accounted for without invoking risk preferences 
in terms of a constant rate of time discounting, or a 
variable rate of time preference that overvalues more 
immediate rewards relative to more delayed outcomes, 
for which there is a considerable amount of independent 
evidence in the animal choice literature. 
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a pair of prospects, L and M, with the same 
means and with cumulative distributions, 
L(x;) and M(x,), with L larger than M in 
the sense that 


Q) EL) se) 


r 

< $, M(x;)(xi41- x) 
i=l 
r=1,2,....2-1; Xy< ee <x, 
with strict inequality holding for at least one 
r. The paired prospects varied across experi- 
mental conditions, and could always be 
ranked as more or less risky according to (1). 
If the rat’s utility function is concave over 
the range of income variation involved (rats 
are risk averse), choice should always favor 
the less risky alternative. This in turn will 
assure transitivity of choice over the com- 
plete set of prospects. If the utility function 
is not globally concave, we will find choices 
favoring the more risky alternative under 
some paired comparisons. However, we can 
still test for transitivity of choices over the 
complete set of prospects. Intransitivities here 
would be inconsistent with von Neumann- 
Morgenstern utility theory as well as most 
(though not all) nonexpected utility models 
proposed in the literature (see Machina, 
1983a, for a survey of model characteristics). 
These considerations give rise to our first two 

hypotheses. 


HYPOTHESIS 1: Utility functions are con- 
cave throughout the range of income variation 
so that in pairwise comparisons, choice always 
favors the less risky prospect. 


HYPOTHESIS 2: Pairwise choices over the 
set of prospects { A, B,C,...} reveal no in- 
transitive cycles. 


Measures for evaluating Hypotheses 1 and 
2 consist of the relative frequency of choos- 
ing prospect L over M. In each case, the rat 
made a number of such choices. Choice was 
rarely, if ever, exclusively confined to one of 
the prospects, consistent with the overwhelm- 
ing majority of data from comparable experi- 
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ments involving both human (R. Duncan 
Luce and Patrick Suppes) and animal sub- 
jects (Caraco etal; Real). (We deal more 
extensively with this aspect of choice in the 
discussion section.) As such we say that pros- 
pect L is preferred to M (L> M) if and 
only if F(L, M)>.5, where F(L, M) is the 
relative frequency of choosing L over M ina 
pairwise comparison. In terms of the sto- 
chastic choice literature (Luce and Suppes), 
Hypothesis 2 involves a weak stochastic tran- 
sitivity requirement. 

In cases where choices over a set of 
prospects { A, B,C,...} shows risk aversion 
throughout (with lower letter alternatives as- 
sociated with less-risky prospects), the risk 
premium increases monotonically across al- 
ternatives, with a larger difference in the risk 
premium associated with prospect C when 
paired with A, than when prospect B is 
paired with A, etc. If we assume that re- 
sponse frequency is sensitive to differences 
in risk premia, we should find prospect A 
chosen with the same or greater frequency 
when paired with a prospect with a larger 
risk premium. This suggests the following 
hypothesis: 


HYPOTHESIS 3: Between any set of pros- 
pects {A,B,C} which satisfy Hypothesis 1, 
and can be rank ordered according to the 
Rothschild-Stiglitz criteria, 


(2) F(A,C)>=min{ F(A, B), F(B,C)}. 


Condition (2) is referred to in the stochas- 
tic choice literature as a strong stochastic 
transitivity requirement. We look for strong 
stochastic transitivity under much more 
limited circumstances than is commonly done 
in the stochastic choice literature, out of 
consideration of the fact that between any 
arbitrary pair of prospects, L, M, utility 
differences are meaningless without much 
stronger assumptions on the structure of 
preferences than that imposed by expected 
utility theory (Luce and Suppes; Luce and 
Howard Raiffa, 1957, ch. 2). Further, we 
employ a weak, rather than a strong, in- 
equality in (2) to account for cases where 
choice frequencies are always either zero or 
unity, as well as likely upper and lower 
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bounds on choice even when subjects do not 
display completely polar preferences. The 
latter may result from minimum sampling 
requirements necessary to track changes in 
environmental condition or other, longer-run, 
survival requirements. 


A. Experimental Procedures 


In all cases, rats chose between a single 
pair of prospects at a time (shown in Table 
1). Choices were recorded and payoffs de- 
' livered in response to a single press on one of 
two choice levers. Each experimental session 
began with 8 forced-choice trials followed by 
a fixed number of free-choice trials (see Ta- 
ble 1). Trials were separated by a constant 
time interval of approximately 1 minute, 
irrespective of the choice made, the outcome 
obtained, or the prospects under considera- 
tion. 

The forced-choice trials served to familiar- 
ize subjects with the alternatives. During 
these trials, only one of the choice levers 
was available. Further, the empirical distribu- 
tion function was forced to match the pro- 
grammed distribution. function over each 
prospect’s trial set. Sequences of choices 
across levers and outcomes were fixed; how- 
ever, the start point was determined ran- 
domly on a daily basis. , 

The free-choice trials served to measure 
preferences. During these trials, subjects 
could choose which lever to respond on. For 
example, subject 210 in choosing over pros- 
pects A and D could devote all 22 of its free- 
- choice trials to A, or all 22 to B, or pick any 
combination (and sequence) of A and D 


outcomes it preferred, subject to the con- 


straint of 22 choices. The empirical distribu- 
tion function: was not constrained to match 
the programmed distribution function here: 
the random number generating algorithm was 
allowed free reign, and the probability of 
obtaining a given outcome on any trial was 
independent of outcomes on other trials. 
Rats had no access to food between ex- 
perimental sessions. They had a water tube 
available in the experimental chamber and 
were provided with ad lib access to water in 
their holding cages. Expected pellet payoffs 
were at a level that would assure the rat’s 
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TABLE 1—PROSPECTS USED IN EXPERIMENT 1 


Number of Free- 

Prospect Poy OB, Xe Choicé Trials 
Subjects 210 and 211 

A 1.0 10 22 

B 5 4 5 16 22 

C 5 1 5 19 22 

D 1S £71 25 37 22 
Subjects 303 and 323 

A 1.0 8 17 

B’ 5 4 5 12 17 

Cc’ 5 1 5 15 17 

D’ .75 1o .25 29 17 


Note: P, = probability of payoff x; x;= number of 
pellets. 


health, but well below. satiation levels. In all 
cases, the rats would have readily accepted 
more choice trials (see experiment 2 below). 

Experimental sessions were conducted 
once a day, 7 days a week, at approximately 
the same time each day. Rats chose over the 
same pair of prospects, with prospects fixed 
behind the same lever, for a minimum of 15 
and a maximum of 24 days. Within this 
constraint, conditions were changed when 
visual inspection of the data indicated no 
trend in choices over a consecutive 5-day 
period. Conditions were commonly changed 
within 18 days. . 

Preference measures consist of the average 
proportion of choices of the less-risky alter- 
native over the last 5 days of an experimen- 
tal condition. To control for lever bias which 
can, at times, be severe for rats, we typically 
measured choice with prospects first on one 
lever (for example prospect A on the left 
lever, D on the right) and then switched 
prospects across the levers (D on the left, A 
on the right) and averaged the data for the 
last 5 days under each condition.* This 
amounts to assuming that the utility function 
is additively separable with respect to posi- 
tion bias and risk preferences. 


4 Position biases of the. sort encountered here are not 
peculiar to rats but are found in humans {Howard 
Rachlin and Marvin Frankel, 1969) and other species, 
including insects (Real). : 
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B. Results 


Table 2 shows relative choice frequencies 
for the less-risky alternative, for the pairwise 
comparisons investigated. In each case we 
conducted two-tailed t-tests, based on daily 
data for the last. 5.days of each condition, of 
the, null hypothesis that the choice frequency 
was .50; that is, subjects were indifferent 
between the prospects under consideration. 
A replication is shown for subjects 303 and 
323 of the A’ vs. D’ comparison that had 
taken place some six months earlier as part 
of their participation in experiment 2 re- 
ported below. 

The data indicate that risk aversion is 
dominant in the rats as in virtually all cases 
the average choice of the more certain alter- 
native exceeds 50 percent and commonly 
exceeds 60 percent. The only exception to 
this is subject 211 in choosing between pros- 
pects C and D, where prospect C, the less- 
risky alternative, is chosen less than 50 per- 
cent of the time. (Note that the t-test here 
indicates that we cannot reject the null hy- 
pothesis of indifference at the usual signifi- 
cance level.) Although choices far from ex- 
clusively favor the less-risky prospect, the 
t-statistics are generally different from zero 
using a 5 percent significance level criteria, 
indicating a clear preference on subjects part. 
Thus, the data are largely in agreement with 
Hypothesis 1, risk aversion over the pomiplete 
range of income variation. 

For subjects 210 and 211, in choosing 
between the A, B prospects, we simply indi- 
cate that A is preferred to B more than 50 
percent of the time. In this one case we do 
not have a more precise measure since pros- 
pects were not switched across levers, but we 
simply compared B with A, with A on the 
right lever in both cases. Nevertheless, we 
infer preference for A over B, since ‘this 
choice comparison followed a comparison of 
B with D, with D on the right lever, and 


resulted in both rats choosing prospect B` 


over 70 percent of the time when paired with 
D, to less than 20 percent of the time when 
paired with A (compare Figure 1). With the 
positioning of’ prospect B held constant 


across conditions, position bias would have — 


to be substantially more variable across pros- 
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TABLE 2— EFFECT OF MEAN-PRESERVING SPREADS: 
PERCENTAGE CHOICE OF MORE CERTAIN ALTERNATIVE” 








B c D 
Subject 210 ‘ 
A >.5 X 61.4 
(4.14)2 
B = X 77.8 
aT age (12.20)4 
Č = = 65.0 
(2.63)° 
Subject 211 
A >5 82.7 
(26.6)? 
B = x 85.9 
` (11.45) 
C - - 45.9 
. (1.17) 
Subject 303 
A’ 52.9 . X 74,7" 
GB. 55)" (6.64)4 
B’ 52.4 78.2 
` (48) (7.89)4 
Cc = - 53.5 
(.86) 
Subject 323 
A’ 77.1 ' X 86.5? 
(4.11)4 . (12.66) 
B’ 7 64.7 84.2 
(3.61)4 (7.91)4 
Cc’ as = 57.6 
. (1.46) 


Note: t-statistics are shown in parentheses. 
Prospects listed in Table 1. 
>Comparison of A’ vs. D’ some six months earlier : 
for 303 and 323 show choice frequencies and t’s of 64.7 
(3.33)4 and 68.3 (7.11)4, respectively. 
qounificant at 5 percent level. 
“Significant at 1 percent level. 


pects from anything we have seen for us not 
to conclude that A > B. 
Acceptance of Hypothesis 1 implies that 


‘ choices satisfy weak stochastic transitive over 


the several triads and the one quadrad we 
could compare directly. For both subjects 
210 and 211, we have A> B, B> D, and 
A> D.’ For both 303 and 323, we have two 
transitive triads each (A’ >.B’, B’> D’, and 


A’ > D’; B’ >C’, C’ > D’, and B’>-D’), and 


5The fact that C> D or C~ D for 211 does not 
imply a violation of weak stochastic intransitivity as 
long as Hypothesis 1 holds for the remaining pairwise 
comparisons for this subject. 
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210 211 


B vs. D 


Bvs. A 











PERCENTAGE CHOICE - LESS RISKY ALTERNATIVE 


EXPERIMENTAL PERIOD 


FIGURE 1. PERCENTAGE CHOICE LEss-RISKY 
ALTERNATIVE 


(Note: Prospect on left choice lever listed first in each 
case.) 


one transitive quadrad (.A’ > B’, B’>C’, C’ 
> D’ and A’> D’).® The data clearly sup- 
ports Hypothesis 2, weak stochastic transitiv- 
ity. This is not to say that if we established 
prospects explicitly designed to generate 
intransitivities (see Tversky, 1969, for exam- 
ple), we might not find them. This is an 
empirical issue that we have yet to pursue. 
Hypothesis 3 implies that moving from left 
to right along any given row of Table 2, we 
will find increasing frequency of choice for 
the less-risky alternative, as the differences in 
risk premia are increasing. Similarly, in mov- 
ing down the columns of this table we should 
find decreasing frequency of choice for the 
less-risky prospect as the differences in risk 
premia are decreasing. Looking down the D 
column for subjects 210 and 211, we see that 
this prediction does not hold. Both subjects 
chose the less-risky alternative relatively more 
frequently when prospect B was paired with 


é Paired comparisons of A’ with C’ for 303 and 323, 
which would have filled out the possible triad compari- 
sons here, seemed like beating a dead horse at this point, 
so we devoted our scarce resources elsewhere. 
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D, than when prospect A was paired with D. 
Ignoring the replication points for subjects 
303 and 323 on the grounds that they were 
obtained at a substantially earlier time inter- 
val, we find similar results for 303 but not 
for 323. For subject 210, we reject the null 
hypothesis that F(A, D)> F(B, D) at the 1 
percent significance level (t= 4.26, a <.01, 
two-tailed ż-test). A combined evaluation of 
the t-statistics indicates that we can reject the 
null hypothesis F(A, D) > F(B, D) at the 1 
percent level also, primarily as a result of the 
outcome for subject 210. 

Finding F(B, D)= F(A, D), leads us to 
tentatively reject Hypothesis 3. Failure to 
support this hypothesis could be explained 
by several possibilities. In choosing prospect 
B (or B’) with its moderate degree of uncer- 
tainty, relatively more than the sure alterna- 
tive A (or A’), the rats could be exercising a 
preference for a moderate, controlled amount 
of uncertainty. Although this is incompatible 
with von Neumann-Morgenstern utility the- 
ory, a number of nonexpected utility models 
are compatible with this pattern of behav- 
ior (Clyde Coombs and Lily Huang, 1976; 
Machina, 1983b). Alternatively, one might 
argue that the rats, not knowing the prior 
distribution of the prospects under consider- 
ation, find they can afford to search more for 
large payoffs on the D (or D’) prospect when 
they have the certain alternative to fall back 
on should they have bad luck. The B (B’) 
prospect, with its moderate degree of uncer- 
tainty, does not provide a similar fall-back 
position, so the amount of search on the D 
(D’) alternative must be reduced as a hedge 
against bad luck in the search process. The 
first explanation offered would be confirmed 
if we observed a preference for risk over 
prospects involving relatively small stakes or 
confirmed additional predictive implications 
of the nonexpected utility formulations which 
explain these data. We are currently conduct- 
ing studies aimed at obtaining such observa- 
tions. 


C. Discussion 
In choosing between prospects which 


differed by mean-preserving spreads, rats 
showed a consistent preference for the less- 
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risky outcome. This preference implies tran- 
sitivity of choices in the sense of weak 
stochastic transitivity (Luce and Suppes). As- 
suming that choice frequencies vary mono- 
tonically with differences in risk premia, we 
found systematic inconsistencies relative to 
expected utility theory as three of four rats 
chose a moderately risky prospect relative to 
a high-risk alternative proportionately more 
than when choosing between a certain pros- 
pect and the high-risk alternative. One inter- 
pretation of these choice frequencies is that 
they represent a taste for a controlled amount 
of moderate risk. Note, however, that this 
preference did not extend to choosing mod- 
erately risky alternatives in favor of the sure 
outcome in paired comparisons. Experiments 
are currently underway to test the predictive 
consequences of this explanation. 

Throughout the analysis we have dealt with 
choice frequencies averaged over the session 
as a whole, even though subjects made a 
number of choices during a given session. 
We have not bothered to distinguish the time 
frame for choice, whether it corresponds to a 
single trial, the session as a whole, or some 
number in between, in part because the pre- 
dictions from expected utility theory hold 
irrespective of the time frame postulated. 
That is, any multiple of n choices of pros- 
pect D involves a mean-preserving spread 
relative to an equal number of choices of 
prospect A. However, as the animal pro- 
gresses through a session, its deprivation level 
varies. This raises the obvious question of 
whether choice frequencies vary systemati- 
cally over the course of a session. 

To get a handle on this question we main- 
tained sequential choice records throughout 
experiment 2 for six rats who were choosing 
between a certain outcome and an uncertain 
prospect over varying income levels. Two of 
these rats, 303 and 323, were involved in the 
present experiment, and one of the choice 
conditions in experiment 2 replicated one of 
the choice conditions involved here. Collect- 
ing sequential choice records from the last 5 
days of each experimental condition, and 
dividing the free-choice trials into roughly 
equal halves, we tested for whether choices 
varied systematically between the first 8 and 
last 9 free-choice trials. We found no evi- 
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dence for this in all conditions involving 
forced choice trials (for details see the results 
reported under experiment 2 below). Far less 
complete records of sequential choice pat- 
terns obtained from the present experiment 
support these results. Thus, variation in de- 
privation (or consumption) levels over the 
course of an experimental session exercised 
no systematic impact on choices. 
Throughout our experiments, we find non- 
exclusive choices under conditions where ex- 
pected utility theory suggests that risk-averse 
decision makers will exhibit exclusive prefer- 
ence for the more certain outcome. Nonex- 
clusive choice here is consistent with the 
overwhelming majority of data from experi- 
ments involving human subjects choosing 
over hypothetical outcomes or small stakes 
prizes (see Luce and Suppes for a review), as 
well as the limited number of published stud- 
ies on animal choices over uncertain out- 
comes (Real; Waddington et al.). It has pro- 
vided the motivation for the development of 
stochastic choice theories. (Luce and Suppes). 
A number of possible explanations for 
nonexclusive choice suggest themselves in the 
context of the present experiments. One ex- 
planation that we can rule out is that it 
results from changing deprivation levels as 
the rats progress through the daily choice 
sequence. A number of alternative possibili- 
ties exist. Nonexclusive choice here is a di- 
rect prediction of nonexpected utility models 
incorporating a taste for a moderate, con- 
trolled amount of risk. In effect, the choice 
frequencies observed are a result of “mixing” 
prospects to obtain the most preferred level 
of risk (Coombs and Huang; Machina, 
1983b). In addition, nonexclusive choice may 
result simply from search behavior on the 
rats’ part. Recall that the rats’ only knowl- 
edge of the relevant probabilities and payoffs 
comes from experiencing the outcomes. In 
experiencing uncertainty in nature, long-run 
survival would depend critically on monitor- 
ing the alternatives in the environment, and 
this undoubtedly transfers to the laboratory 
environment. Although the forced-choice tri- 
als were designed to refresh subjects’ mem- 
ories concerning the relevant payoffs and 
probabilities, this may not have proved suff- 
cient to eliminate all search requirements. 
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Whatever the importance of this factor, we 
would expect the degree of search to be 
sensitive to its costs, so that we would find 
greater search the more nearly equal the 
prospects are in terms of their expected util- 
ity.’ Further, for one reason or another, most 
rats display relatively strong side prefer- 
ences, and we'would not expect differences 
in risk between prospects to completely offset 
these biases. Here, too, however, one would 
expect actual.choices to be sensitive to the 
costs of exercising these preferences. Finally, 
‘we probably have to accept some irreducible 
variability in choices, whether they be a re- 
sult of minor variation in the environment or 
are elements of internal processes guiding an 
organism’s choices. 


H. Experiment 2: Effects of Varying 
Consumption Levels on Risk Preferences 


In this experiment, rats again chose be- 
tween prospects with equal expected values 
bit with different degrees of risk (equation 
(1)). However, unlike experiment 1, the pros- 
pects under consideration remained constant 
while the rats’ consumption level varied. The 
question of primary interest. here is whether, 
and how, risk preferences wary with con- 
sumption level. 

If choice frequencies are sensitive to the 
differences in risk premia associated with a 
given pair of prospects, then they provide 
direct measures of how the degree of ab- 
solute risk aversion (Kenneth Arrow, 1974; 
John Pratt, 1964) varies with consumption.’ 
The conventional wisdom here argues for 
nonincreasing absolute risk aversion as con- 
sumption increases. This is the empirical pat- 
tern which is universally subscribed to with 
respect to data drawn from national eco- 
nomic systems (compare Machina, 1983a, for 


See, for example, the interesting study by John 
Krebs etal. (1978) which tests for optimal sampling 
behavior on the part of birds. 

® Caraco et al. found no difference in tests of changes 
in absolute risk aversion using a certainty equivalent 
measure of preference and the frequency of choice mea- 
sure employed here (also see Caraco, 1982). The 
frequency of choice measure is substantially less time 
consuming to employ. 
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a survey of views on this point). This moti- 
vates our fourth hypothesis. 


HYPOTHESIS 4: Choice frequencies for the 
more certain prospect will remain constant or 
decline as consumption increases with the risk 
differential between prospects held constant. 


Recently a number of biologists have 
argued that risk loving is likely to be found 
at the very lowest consumption levels, when 
conditions reach the point where the expected 
value of the certain prospect falls below 
minimum survival requirements. The argu- 
ment, roughly put, is that once consumption 
levels reach the point where an organism can 
no longer survive on the certain prospect, it 
actually increases its chances for survival 
playing the risky alternative and hoping 
to get lucky (see Caraco, 1981, and refer- 
ences cited therein). Caraco et al. repcrt data 
from several experiments involving different 
species of small granivorous birds supporting 
this conjecture (also see Caraco, 1981). This 
motivates our next hypothesis. 


HYPOTHESIS 5: If consumption levels are 
sufficiently low that exclusive choice of the 
less-risky alternative would result in a negative 
net energy balance, and imperil the rat’s 
survival, we will observe preference jor the 
riskier alternative provided there is some posi- 
tive probability that this choice will result in a 
positive net energy balance. 


Tests of Hypothesis 5 do not rely on choice 
frequencies measuring intensity of preference 
(differences in risk premia), but the weaker 
hypothesis that if one prospect is preferred 
to another, it will be chosen relatively more 
frequently. Results of tests of Hypothesis 5 
may be of some relevance to understanding 
human behavior in low-income settings, or 
the likely effects of a firm’s overall asset 
position (the “depth of its pockets”) on its 
response to a continuing negative net income 
flow. 


A. Experimental Procedures 
Procedures were essentially the same as 


those employed in experiment 1- with the 
following modifications. 
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Subjects always chose between prospects 
consisting of a sure 8 pellets (prospect A’ in 
Table 1) and a prospect delivering 1 pellet 
with probability .75 and 29 pellets with 
probability .25 (prospect C’ in Table 1). 
There were 17 free-choice trials under all 
conditions. Two of the subjects, 303 and 323, 
participated in experiment 1, but the treat- 
ment conditions here actually preceded those 
reported in experiment 1. 

Consumption levels were varied through 
adjusting the number of forced-choice trials 
across experimental conditions. These con- 
sisted of 32, 24, 8, and 0 forced-choice trials, 
and resulted in a 200 percent variation in 
consumption between the highest and lowest 
forced-choice conditions, had the rats allo- 
cated all their responses to the certain alter- 
native. At the highest consumption level, 
conditions were approaching satiation for a 
limited duration choice session; in fact, two 
of the rats, 323 and 324, frequently failed to 
complete the free-choice trials within the al- 
lotted time interval. In these cases we mea- 
sure preferences in terms of the percentage 
of free-choice trials completed, excluding 
days when less than 10 trials were completed. 
With zero forced-choice trials, the expected 
level of consumption was below minimum 
long-run survival requirements. All of the 
rats lost weight under this treatment condi- 
tion, both at the beginning and the end, and 
were in clear danger of dying of starvation 
had conditions been maintained much longer. 


B. Results 


Table 3 shows the relative frequency with 
which the certain prospect was chosen as 
consumption (the number of forced-choice 
trials) varied. Also shown are t-tests of the 
null hypothesis of indifference (that choice 
frequencies are .50). With the exception of 
subject 323 under the 32 forced-choice trial 
condition, thé certain prospect was chosen 
the majority of the time, and was chosen 60 
percent or more in 17 out of 20 observations. 
Risk aversion holds up over virtually all con- 
sumption levels. 

Average choice frequencies for the more 
certain prospect decrease somewhat in going 
from the 0 to 32 forced-choice condition (the 
mean at the 24 forced-choice condition is 
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somewhat misleading due to the incomplete 
nature of our observations there). However, 
analysis of variance tests for systematic treat- 
ment effects across subjects indicates that 
this pattern is not statistically significant (F 
=1.24, d.f. = 3.16, a=.33). Eyeballing indi- 
vidual subject data, we find very little sys- 
tematic variation in preference measures 
across individual subjects. In particular, with 
the notable exception of 323, no subject 
shows any clear, systematic decrease in pref- 
erence for the risky alternative with increas- 
ing consumption levels as is required for 
decreasing absolute risk aversion. Further, of 
the two subjects who were not finishing regu- 
larly at the high consumption level, 323 shows 
risk neutrality but 334 shows relatively strong 
risk aversion. 

Occasional subject idiosyncratic responses 
to changing consumption levels show up in 
Table 3, such as subject 303 under the 24 


_ forced-choice trial condition and 334 under 


the 8 forced-trial condition. However, we do 
not attach much importance to such local- 
ized responses to the consumption variable, 
no matter what the degree of statistical sig- 
nificance, particularly if they are not repli- 
cated across subjects. For one thing, they are 
not suggestive of any regularities in behav- 
ior; for another, such effects are likely to be 
caused by transitory factors so that repli- 
cation of the treatment condition would be 
unlikely to generate an equally strong re- 
sponse.” 

The data in Table 3 clearly support Hy- 
pothesis 4, nonincreasing absolute risk aver- 
sion—not so Hypothesis. 5, however. In no 
case do the rats prefer the risky prospect 
under the zero forced-trial condition, even 
though average weight dropped some 25 per- 
cent, from 250 to 180 grams, from the begin- 
ning to end of this treatment condition. Rats 


°In a further effort to identify any systematic changes 
in individual subject risk preferences, we tried a number 
of covariance specifications, controlling for responses to 
good or bad luck consequent on choosing the risky 
prospect. Variables such as the difference between actual 
pellets received in a day less the expected number of 
pellets failed to provide any systematic explanation over 
choice frequencies, nor did various lagged specifications 
of this sort. As such, more formal analysis does nothing 
to change the conclusions reached in the text. 
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TABLE 3-- FREQUENCY OF CHOOSING MORE CERTAIN ALTERNATIVE AT VARYING CONSUMPTION LEVELS. - 





Number of Forced-Choice Trials* 


(Total Pellets in Trials) ` 
32 24 8 0 Average Across 
Subject . ` (256) (192) (64) (0) ' Consumption Levels” 
303 ` 68.2 82.4 64.7 63.0 69.6 
(4.87)4 (9.57)4 (3.93)4 (7:14)3 [7.62] 
304° = 3 = 89.4 90.0 82.9 87.4 
i i (11.32) (8.78)4 (20:48)4 [3.20] 
323 45.9 68.8 68.3 78.8 65.4 
(.44) (4.44)3 (7.11) (3.51)4 [12.06} 
. 324 741 - 741 80.6 76.3, 
(6.93)4 (6.11)¢ (8.27) [3.04] 
333 60.0 = 67.1 54.1 60.4 
. (5.11)4 (5.80)4 (1.72) [5.31] 
334- BI - 54.7 76.5 68.3 . 
(3.42) (1.52) (4.50) [9.65] 
Average Across Subjects? 64.4 80.2 69.8 ` 72.6 l 
' i [10.5] 18.5] [10.5] 


it statistics. are shown in parentheses. 
>Standard errors are shown in brackets. . 

Significant at the 5 percent level. 

“Significant at the 1 percent level. 


with ad lib access to food and water would 
weigh well over 400 grams at a.comparable 
age, while at 180 grams we start to become 
seriously concerned with their survival. The 
data provide no hint of increasing risk pref- 
` erence here as for half the subjects, choices 
for the more certain alternative increase in 
going from 8 to 0 forced trials, while. the 
average across rats increases, Finally, we 
found no shift in the data towards i increasing. 
risk preference during the last several days of 
this condition when the deleterious effects of 
these. net energy deficits would have been at 
their maximum. 

Sequential choice records, detailing the 
choice pattern within a daily session, were 
_ maintained throughout the experiment. We 
- looked at these records over the last 5 days 
of each experimental condition to determine 
if there were any systematic temporal pat- 
terns to choice; for example, did choices of 


the risky alternative, D’, tend to cluster to- 


wards the end of the free-choice trial period, 
or were they ‘evenly distributed across an 
experimental session? We. found two sub- 
jects, 304 and 324, who chose prospect D’ 
relatively more frequently during -the first 
half of the free-choice trials than would hap- 


pen by chance alone (using either a 5 or 10 
percent significance level criteria).. For both 
these subjects, this uneven distribution of 
choices was confined to the zero forced-choice 
trial condition. Since these were the two most 


' risk-averse (by the frequency of choice mea- 


sure) rats under this treatment condition (as 
well as an average across all treatment condi- 
tions), only a handful of choices were allo- 
cated to the D’ prospect. As such we inter- 
pret the uneven temporal distribution as 
search behavior induced by the absence of 
the forced-choice trials. Outside of this, there 
is no systematic tendency for choice distribu- 
tions to vary as consumption and depriva- 
tion. levels varied within aren ses- 
sions, 

Finally, since the data in, Table 3 indicate 
approximately constant absolute risk aver- 
sion across consumption levels, while average 
choices of the certain alternative varied sub- 
stantially across individual subjects, we could 
not resist determining whether there: were 
significant individual subject differences in 
the level of risk aversion displayed. There are 
(F=3.14, d.f.=5, a=.04), Differences in 
the structure of individual subject prefer- 
ences have also been reported in consumer 
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choice and labor supply studies of animal 
behavior (Battalio et al., 1983), and in auc- 
tion market experiments involving human 
subjects (James Cox etal., 1982). These re- 
sults suggest a strong note of skepticism in 
evaluating economic models or empirical 
studies whose implications rely critically on 
the assumption of homogeneous prefer- 
ences,!° 


C. Discussion 


The present experiment tested for chang- 
ing risk profiles under varying consumption 
levels. The rats all showed risk aversion, or 
risk neutrality, at all consumption levels with 
risk aversion clearly being the dominant re- 
sponse. This held even at the very lowest 
consumption level where net energy balance 
was not sufficient to insure long-run survival. 
The data support the hypothesis of nonin- 
creasing absolute risk aversion for the group 
as a whole, with a slight tendency for re- 
duced responding on the certain prospect 
between the lowest and highest consumption 
levels. Looking at individual subject data, 
only one rat (323) showed any systematic, 
statistically significant decrease in risk pref- 
erence with increasing consumption. 

We have found similar results in another 
experiment, virtually identical to the one re- 
ported here, in which rats chose over pros- 
pects consisting of water reinforcement, with 
‘ad lib access to food in their home cages 
(Kagel et al., 1984). Although with water re- 
inforcement, the rats seem less risk averse in 
general (as judged by the frequency of choice 
measure). They show constant absolute risk 
aversion over a wide range of consumption 
variation and do not switch to risk-preferring 
choices at the lowest consumption level when 
faced with modest negative net energy bal- 


10 On this last point, we call special attention to Hans 
Binswanger’s (1981) evaluation of the hypothesis of 
asset integration in uncertain contexts. Jaime Quizon 
et al. (1984) provide an alternative explanation for the 
failure of the asset integration hypothesis in Binswanger, 
as they note it is tested in conjunction with the premise 
that the utility function satisfies expected utility theory 
globally, and there is strong evidence that this auxilliary 
hypothesis is incorrect. 
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ances. These results, of course, do not rule 
out decreasing risk preferences over even 
higher consumption levels, those that ap- 
proach or equal ad lib consumption. In fact, 
pilot work in the water experiments suggests 
that this might well be the case, ‘but we must 
reserve judgment on this point at the present 
time. 

Our failure to find risk-loving behavior at 
the very lowest consumption level stands in 
marked contrast to the work of Caraco et al. 
There is no question that our rats could not 
meet long-run survival requirements under 
the zero forced-choice trial condition as indi- 
cated by both the change in, and absolute 
size of, their body weights. 

There are a number of procedural dif- 
ferences between Caraco’s experiments and 
ours that might account for the differences in 
experimental outcomes. Of greatest potential 
significance here is that the intertrial time 
interval covaried with changing consumption 
levels in Caraco’s experiments, so that there 
was a substantially longer intertrial interval 
under the negative net energy budget condi- 
tions. In addition, the intertrial time interval 
varied directly with the outcome of the birds’ 
choices, so that bad luck outcomes on the 
risky prospect were partially compensated 
for by an earlier start of the next choice trial, 
unlike the procedures employed here. This 
would interact with the changing average 
intertrial time interval to produce relatively 
greater partial compensation for bad luck 
under starvation conditions. Although we do 
not know the precise impact of these proce- 
dural differences on choices, we do know 
that there are circumstances where animals’ 
choices are most sensitive to time delays 
associated with different prospects (see Kagel 
and Leonard Green, 1985, for a summary 
and discussion of the evidence on this point). 

However, there are also significant dif- 
ferences in the weight of the birds Caraco 
used, approximately 20 grams normal weight, 
and their metabolism rates, as compared to 
the rats. The upshot of this is that, other 


11 Passerine birds such as the yellow-eyed junkos used 
in Caraco etal. have a metabolism rate which is some 
65 percent higher than nonpasserine birds and mam- 
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things equal, the survival requirements of the 
birds are much more intense than the rats. 
For example, Caraco (personal communica- 
` tion) indicates that his birds could have lived 
approximately 3—4 days on the net energy 
flow associated with the expected value of 
the certain prospect employed, whereas our 
rats were able to live considerably longer. 
Further, it seems clear that with a relatively 
large mammal, such as rats, that we cannot 
induce such a relatively short time frame for 
' survival when using food or fluid payoffs. 
The basic idea underlying a switch from 
risk-averse to risk-preferring behavior as 
consumption levels change from an energy 


surplus to a deficit is that, with a deficit, the | 


organism cannot meet post-foraging survival 
requirements through sticking with the cer- 
‘tain alternative. As such, choosing the risky 
prospect actually increases the probability of 
survival. Large body weights relative to daily 
food requirements provide a buffer between 
short-term food intake and survival to the 
next foraging period as net energy deficits 
are met out of stored energy assets. The 
optimal decision rule is based on expected 
energy reserves, E[S,], relative to survival 
requirements, R. As long as E[S,]>R, 
within a stationary environment, optimum 
behavior involves sticking with the certain 
alternative. 

Relatively large mammals like rats facing 
negative net energy consumption levels are 
not likely to die of starvation per se, but 
rather of respiratory diseases induced by 
malnutrition. Thus, there might not be any 
clear-cut requirement R that needs to be met 
for survival, as in smaller organisms that are 
likely to simply drop from lack of energy 
and die from predation, so that the signal 
required for switching strategies is inter- 
ferred with. In addition, predispositions to 
switching choices from risk averse to risk 
preferring, at least in foraging situations, 


mals. C. J. Barnard and C. A. J. Brown (1985) have 
replicated Caraco’s results using common shrews. Our 
remarks in the text apply equally to Barnard and Brown 
as they employed procedures similar to Caraco, and 
shrews are small bodied mammals (10 grams or so) 
living continuously on the edge of starvation. 
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might be much weaker in rats and larger 
organisms. The relative frequency with which 
a large organism (relative to daily food 
intake) would encounter such situations 
in nature in terms of evolutionary history, 
or the history of any individual organism, 
would have to be. less than with relatively 
small organisms. Consequently, large animals 
might be much less sensitive to changing 
strategies in response to deteriorating en- 
vironmental contingencies. Finally, the larger 
organism has much less to gain potentially 
by switching strategies, in terms of additions 
to stored energy assets, and may be better off 
as a rule to play it safe, avoid risks, and take 
its chances on the prospects for survival im- 
proving if and when foraging conditions 
change. 


HI. Experiment 3: 
Tests of the Independence Axiom 


In verbal protocols with human subjects, 
cognitive psychologists and economists re- 
port systematic and replicable violations of 
the independence axiom of expected utility 
theory for large numbers of subjects. Of four 
types of systematic violations of the indepen- 
dence axiom reported in humans (Machina, 
1983a), the “common ratio” effect (Allais) is 
most readily adapted to to our procedures 
(the common ratio effect includes the “cer- 
tainty effect” of Kahneman and Tversky, 
and the “Bergen Paradox” of Ole Hagen, 
1979, as special cases). The present experi- 
ment tests for this common violation of the 
independence axiom. 

The common ratio effect involves rankings 
over pairs of prospects of the form: 

Condition 1: Subjects choose between: 

A, with p chance of x,, or 1— p chance of 

xX, vs. B, with q chance of x,, or l- q 

chance of x,. i 

Condition 2: Subjects choose between: 

C, with A p chance of x, or 1— Ap chance 

of x, vs. D, with Ag chance of x}, or 

1— àq chance of x,, 
where p > q, x; > x, > xı, and 0 < À <1 (the 
term “common ratio” derives from the 
equality of prob(x,)/prob(x,) in A vs. B. 
and C vs. D). An expected utility maximizer 
would prefer either A and C (if p[U(x,)— 
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U(x,)|> q[{U(x,)— U(x,)), or else B and D 
(if the opposite were true). However, in verbal 
protocols researchers have found a sys- 
tematic (although far from universal) tend- 
ency for subjects to prefer A and D. For 
example, Kahneman and Tversky (p. 266) 
found that 80 percent of their subjects pre- 
ferred a sure 3,000 Israeli pounds (x,) to an 
.80 chance of winning 4,000 Israeli pounds 
(x3) or a .20 chance of winning nothing (x,), 
while 65 percent preferred a .20 chance of 
winning 4,000 Israeli pounds or an .80 chance 
of nothing to a .25 percent chance of win- 
ning 3,000 Israeli pounds or a .75 percent 
chance of nothing. 

Similar effects have been reported using a 
wide range of hypothetical payoffs from as 
high as $1-$5 million dollars in the original 
Allais formulation, to as little as $100—$200 
in some recent reports by Kenneth Mac- 
Crimmon and Stig Larsson (1979). In some 
studies of our own, we found with hypotheti- 
cal payoff values of x, = $20, x, = $15, x; = 
$0, and p=1.0, q =.80, and A =.25, that 55 
percent of our respondents (MBA students) 
preferred A under condition 1, while 65 per- 
cent preferred D under condition 2 (two- 
thirds of those choosing A, chose D in this 
sample). 

Kahneman and Tversky explain these vio- 
lations of the independence axiom in terms 
of a “certainty effect” which they incorpo- 
rate into their theory via subjective prob- 
ability assessments. Machina’s (1982) ex- 
planation rests in large part on changing risk 
attitudes at different expected income levels 
associated with conditions 1 and 2.1? These 
are but two of several alternative explanatory 
frameworks offered in the literature (see 
Machina, 1983a, for a recent review). 

The present experiment tests for violations 
of the independence axiom under conditions 


2 The force of Machina’s argument would seem to be 
attenuated considerably for the low-income examples in 
MacCrimmon and Larsson, and the results of our verbal 
protocols, as differences in expected incomes between 
conditions would seem too small to plausibly account 
for most of the variation in preferences. However, the 
frequency with which violations of the independence 
axiom occur drops at these lower-income levels, as one 
would expect if Machina’a argument is correct. 
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where subjects received real, highly valued, 
payoffs and were thoroughly familiar with 
the outcomes of their choices; common 
criticisms of hypothetical choice protocols. 
This provides the basis for our last hypothe- 
sis. 


HYPOTHESIS 6: When faced with choices 
which mimic the “common ratio” effect typi- 
cally found in verbal protocols, the majority of 
rats will violate the independence axiom in the 
Allais-type direction. 


A. Experimental Procedures 


Experimental procedures were essentially 
the same as employed in experiments 1 
and 2. 

Table 4 shows the experimental treatment 
conditions. The probabilities of the 8-pellet 
payoffs in prospects C and E involve multi- 
plying the probability in prospect A by .50 
and .33, respectively. The probabilities for 
the 13-pellet payoff in prospects D and F 
are obtained in a similar fashion from the 
probability for that payoff in prospect B.. 
The 1-pellet payoff serves to soak up the 
displaced prcbabilities in both cases. For 
reference purposes, we will refer to experi- 
mental conditions by the value of À used in 
deriving one prospect from the other. 

Also shown under each prospect in paren- 
theses.is the expected value, or actuarial 
value, of the outcomes. Note that the ex- 
pected value of each outcome drops rather 
drastically as decreases. We decided to use 
a 1-pellet payoff rather than a zero-pellet 
payoff for the “unlucky” outcome out of 
consideration for these income effects. 


` B. Results 


Table 5 shows the mean frequencies with 
which the lower expected value prospects (A, 
C, and E) were chosen at the various values 
of A. The z-statistics testing the null hy- 
pothesis of indifference are shown in paren- 
theses below these means with footnote keys 
c and d designating statistical significance. 

At the A=1 value, all subjects display 
either a modest preference for the lower ex- 
pected value prospect 4, or indifference be- 
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TABLE 4— TREATMENT CONDITIONS EMPLOYED IN EXPERIMENT 3 
Condition Prospects Value of À 
1 A: 8 pellets, prob. 1.0 B: 13 pellets, prob. 3/4 1.0° 
(8.0) 1 pellet, prob. 1/4 
. (10.0) 
. 2 ~ C: 8 pellets, prob.1/2 or D: 13 pellets, prob. 3/8 1/2 
i 1 pellet, prob. 1/2 1 pellet, prob. 5/8 
(4.5) (5.5) 
3 E: 8 pellets, prob. 1/3 F: 13 pellets, prob. 1/4 1/3 
1 pellet, prob. 2/3 1 pellet, prob. 3/4 
(3.33) (4.0) 


Note: Forced-choice trials =16; free-choice trials = 20 under all conditions. The ex- 


pected value is shown in parentheses. 


TABLE 5— COMMON RATIO EFFECT: 
FREQUENCY OF CHOOSING 8-PELLET PAYOFF ALTERNATIVE? 


Subject 1.0 

304 57.0 
f (1.57) 

324 47.8 
(—.78) 

333 61.0 
(1.91) 

334 65.5 

(3.46)4 

Average Across Subjects _ 57.8 

[7.53] 


Value of A 

1/2 1/3 1.0° 

55.0 46.0 56.0 . 
aui) (-.87) (1.71) 

41.0 - 36.0 = 
(—2.94)° (—4.00)4 

54.0 - - 

(1.13) © l 

44,5 47.5 69.0 
(—1.09) (—.56) (16.9)4 

48.6. 43.2 ` 62.5 

[6.94] [6.25] [9.19] 


Note: t-statistics are shown in parentheses; standard errors are in brackets. 

*Subject 333 died before it could complete the A =1/3 treatment condition, while 
324 died before we could replicate baseline conditions. 

>Replication point following A =1/3 condition. 


°Significant at 5 percent level. 
4 Significant at 1 percent level. 


tween the prospects. Prospect B was, of 
course, chosen with this preference relation- 


ship in mind, since the standard violation of - 


the independence axiom has A> B, or at 
least A~ B.-As i decreases, there is a gen- 
eral erosion of preference: for the 8-pellet 


payoff alternative. While three out of four `` 


rats. preferred the sure thing alternative at 
ÀA =1.0, three out of three prefer the prospect 
delivering 13 pellets when: A =1/3 (the mean 
‘value here just approaches statistical signifi- 
cance in favor of prospect E, t=1.88, 2 
d.f., a=.10, one-tailed test). Further, behav- 
ior is reversible for the two rats, 304 and 334, 


for which we were able to replicate the A =1.0 
condition, indicating a stable preference 
structure. The repeat reliability here is quite 
remarkable, even by the standards we have 
come to expect from the rats. 

Although the swings in choice frequencies 
in Table 5 are far from overwhelming, they 
are consistent across rats and in the predict- 
ed direction. Further, two of the rats show a 
clear change in preference as A: varies. At 
A =1.0, 324.is indifferent between the pros- - 
pects, but at A =1/3 clearly prefers prospect 
F to E, in violation of the. independence 
axiom. At A =1.0, 334 has a clear preference 

/ 
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for prospect A, but, at A =1/2 and A =1/3, 
is indifferent with clear tendencies in favor of 
D and F, respectively. The data provide 
clear support for Hypothesis 6. 


C. Discussion 


Tests of the common ratio effect show 
clear violations of the independence axiom. 
The fact that subjects chose between real, 
highly valued, payoffs and were thoroughly 
familiar with the prospects under considera- 
tion, directly attacks one of the last lines of 
defense for the expected utility hypothesis, 
given the repeated violations found using 
hypothetical payoffs with human subjects. 
Extensions of the procedures employed here 
may be used to sort out between the various 
nonexpected utility formulations designed to 
explain these violations. 


APPENDIX 
A. Equipment 


Experiments were conducted in a 32 cm. X 
32 cm. X 30 cm. experimental chamber with a 
grid floor which was housed in a larger 
sound-insulated box. One wall of the cham- 
ber held two metal levers, one placed 6.5 cm. 
to the left and one to the right of the center 
of the wall, which extended 2.5 cm. into the 
chamber and were located 9.0 cm. above the 
floor of the chamber. Both levers required a 
force of approximately .15N for a response 
to result in reinforcement and to be re- 
corded. Pellet dispensers designed to deliver 
45 mg. Noyes food pellets delivered food 
into a trap at cage floor level, directly below 
each lever. Two 2—W white signal lights were 
mounted one on top of the other with the 
lower light 5 cm. above the left lever, with 
two 2-W red signal lights mounted in a 
similar fashion over the right lever. Two 
2—W white signal lights were mounted on the 
ceiling and served as houselights. The wall 
opposite to the levers held a water bottle 
that was continuously available. White noise 
designed to mask extraneous sounds was 
continuously present and an exhaust fan pro- 
vided ventilation. All experimental con- 
tingencies and data recording were con- 
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trolled through the use of a Rockwell Aim 65 
microprocessor. 


B. Procedures 


Each free-choice trial began with the il- 
lumination of both sets of lights over each 
lever. A single lever press resulted in rein- 
forcement delivery and extinction of the 
lights over each lever. The houselights re- 
mained on during the reinforcement period. 
The reinforcement period was set equal to 2 
sec. times the maximum number of pellets 
delivered in any trial over the complete set of 
prospects subjects faced. The length of the 
reinforcement period was the same irrespec- 
tive of the alternative chosen or the outcome 
of the choice. A 30 sec. blackout period 
during which all lights were extinguished fol- 
lowed the reinforcement period, after which 
a new trial began with the houselights on 
and the lights lit over both levers. Forced- 
choice trials were identical to free-choice 
trials with the exception that the lights were 
only lit over the lever programmed for rein- 
forcement. Sessions ended following comple- 
tion of the predetermined number of free- 
choice trials or, in cases with substantial 
latency periods between choice, when the 
expected time interval of the session plus 
one-half hour had passed. Almost all ses- 
sions ended with subjects completing the full 
set of free-choice trials allotted. 

Forced-choice trials were all in multiples 
of eight. For each set of eight, four were 
forced to the left-hand side and four to the 
right. Further, each set of four on the uncer- 
tain prospect were constrained to deliver the 
expected value. The start of the sequence 
varied randomly across sets of forced-choice 
trials. This forced subjects to exactly sample 
the relative frequencies of the different out- 
comes except in the case of prospect E in 
experiment 3, where we rounded the forced- 
choice payoffs to three 8-pellet outcomes 
(.375 vs. .33) and five 1-pellet outcomes (.625 
vs. .667). 

Sequencing of treatment conditions by 
subject across experiments are shown in Ta- 
ble Al. 

Experimental sessions were conducted 
once a day, 7 days a week, at approximately 
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TABLE Al— TREATMENT SEQUENCES 


` Experiment 1° 
(prospect on left lever listed first) 
210; 211: D-4, A-D, D-A, B-D, B-A, D-B, D-C, C-D 
303: A’-B’, B’-A’, B’-D’, D’-B’, A’-B’, A’-D’, 
D’-A’, D’-C’, C’-D’, C’-B’, B’-C’ 
323: A’-B’, B’-A’, D’-A’, A’-D’, C’-D’, D’-C’, 
B’-C’, C'-B’, B’-D’, D’-B’ 
Experiment 2° 
(sequencing of forced-choice trials) 
303; 323: 24, 8, 0, 32 
304: 24, 8,0 
324, 333, 334: 8, 32,0 
Experiment 3° 
(prospect on left lever listed first) 
304: B-A, A-B, D-C, C-D, E-F, F-E, B-A, A-B 
324: B-A, A-B, B-A, A-B, C-D, D-C, F-E, E-F 
333: B-A, A-B, D-C, C-D 
334: B-A, A-B, C-D, D-C, C-D, E-F, B-A, A-B, F-E 


@Subjects 303 and 323 completed the sequence in 
experiment 2 prior to experiment 1. 

‘Side switches occurred between changes in number 
of forced-choice trials. 

All subjects completed the sequence in experiment 2 
prior to experiment 3. 


the same time each day. Rats were housed in 
individual holding cages and only one rat 
was in an experimental chamber at any given 
time. 


C. Subjects 


Subjects 210 and 211 were male Spague- 
Dawley rats, approximately 6 months of age 
at the start of the experiment. All other rats 
were male Wistar strain, approximately 3 
months of age at the start of the experi- 
ments. All subjects were experimentally 
naive. 
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Unemployment Rate Dynamics. and Persistent Unemployment 
under Rational Expectations 


By MICHAEL R. DARBY, JOHN HALTIWANGER, AND MARK PLANT* 


Macroeconomists typically build models 
of the determination of real output with un- 
employment rate movements explained, if at 
all, by an appended Okun’s Law relation- 
ship. In this paper we show that this ap- 
proach is misleading because it misses im- 
portant sources of persistence in cyclical 
unemployment—and hence—real output. In 
particular, we show that unemployment rate 
dynamics imply “hump-shaped” cyclical un- 
employment characterized by persistence, 
even though unemployed workers have faulty 
information on wage rates for only a com- 
paratively brief period of time. This result is 
based on the interaction of two stock or state 
variables—inventories and cyclically unem- 
ployed workers—which result in a brief eco- 
nomic shock having a prolonged effect on 
the economy. 

In Section I we develop the partial-adjust- 
ment equation which governs the evolution 
‘of the unemployment rate. We show that if 
individuals differ significantly in their prob- 
ability of leaving unemployment, unemploy- 
ment dynamics imply a much slower re- 
covery from recession than would be implied 
by probability values observed in normal 
times. 

In Section II we develop new empirical 
measures of the fraction of the labor force 
` who become unemployed each month, and 
the probability that an unemployed person 
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will become employed or leave the labor 
force in a month’s time. These measures 
and alternatives—equivalent if all individual 
probabilities are the same—are used to dem- 
onstrate that the unemployed differ sub- 
stantially in their individual probabilities of 
leaving unemployment. We can broadly 
characterize the labor force as consisting of 
two groups. The first group consists of recent 
entrants into the labor market who are in the 
process of job shopping and other individu- 
als who have selected careers in sectors (oc- 
cupational or industrial) that involve low 
accumulation of specific capital. This group 
is characterized by high rates of entry into 
unemployment and high probability of leav- 
ing it; in normal times, the bulk of unem- 
ployment comes from this group. The second 
group consists of individuals with high de- 
grees of specific human capital and “perma- 
nent” jobs; so they rarely become unem- 
ployed, but search for a long time to find a 
replacement job when they do become unem- 
ployed. Loss of permanent jobs will be more 
prevalent during recessions because firms in 
declining industries find it optimal to accel- 
erate eventual reductions in their labor force 
at such times. The slow search process of this 
second group implies that they dominate 
cyclical unemployment during the recovery 
from recessions. 

Further empirical work reported in Sec- 
tion III supports the following macroeco- 
nomic parable: money shocks do not directly 
effect the proximate determinates of unem- 
ployment but do so indirectly through inven- 
tories. High inventories (relative to sales) lead 
to abnormally and temporarily high rates of 
entry of both groups into unemployment. 
The high inventories also may mildly and 
temporarily depress the probability of leav- 
ing unemployment. The excess unemploy- 
ment among the high-probability group is 
quickly eliminated, but those who have lost 
permanent jobs take many months to find a 
new job, even though each individual’s 
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monthly probability of success is no lower 
than would be the case in normal times. 
Thus, individual maximizing behavior leads 
to substantially persistent effects on cyclical 
unemployment and output. 


I, Unemployment Dynamics and Persistence 


In this section we demonstrate that the 
logic of the standard search model implies 
persistent cyclical unemployment as a result 
of a single-period forecast error on the part 
of searching workers. In this theoretical ex- 
position of unemployment dynamics, we ab- 
stract from the notion that some of the un- 
employed may not be searchers, but instead 
may be on temporary layoff, expecting recall. 
We do this in order to emphasize the sep- 
arate role of search dynamics in yielding 
persistent effects from uncorrelated errors. 
Initially we assume that all workers are iden- 
tical. 


A. Identical Workers 


The dynamics of the unemployment rate 
can be described by a simple discrete time 
model. Let u represent the unemployment 
rate, s be the number of unemployed 
searchers, and n be the labor force. By def- 
inition: 


(1) u=s/n. 

It follows directly that 

(2) Ane Sage, 
n n ny 


and, therefore, 


1 Y 

(3) Au 5 As Tey th 

where y = An /n_, is the growth rate of the 
labor force. Define the search flow f as the 
tate (per period) at which people begin 
search, and let a be the probability per 
period that a searcher will become employed 
(or leave the labor force). The change in 


1Kim Clark and Lawrence Summers (1979) and John 
Ries (1984) indicate that the probability of leaving the 
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searchers As is simply the inflow during the 
period less the outflow: 


(4) Au==(f- ms a) es 2 


Note that s_,/n=u_jn_,/n=u_,/Qty) 
and let ¢= f/n denote the search rate (the 
fraction of the labor force beginning search 
in the current period); then 


(5) Au=o—((r+y)/(+y))u_1. 


The growth-adjusted probability 7* = 
(m +y)/( +y) is dominated by 7 em- 
pirically, so we can interpret equation (5) as 
saying that the unemployment rate rises (or 
falls) as the search rate exceeds (is less than) 
the adjusted probability of employment times 
the lagged unemployment rate. 

The natural unemployment rate 4 is found 


by setting Au = 0 for the normal or long-run 


equilibrium values $, 7, and ¥: 
(6) #=9((1+7)/(#+7)) = 9/2". 


That is, the natural unemployment rate is the 
product of the normal search rate ¢ and 
adjusted duration of search (1/7*).* For 
example, suppose that under normal condi- 
tions, 2 percent of the labor force begins the 
search process each month, the probability 
of finding employment in a month is one- 
third (i.e., the expected duration of search is 
1/7 or 3 months), and the growth rate of the 
labor force is 0.002/month. Then the natural 


labor force (temporarily) is substantial for unemployed 


people in certain demographic groups—especially mar- 
ried women and teenagers. 

Actually, $ and 7 are proportionally equal un- 
derestimates of the true continuous time rates because, 
in the former case, individuals who both enter and leave 
unemployment between surveys are omitted and, in the 
latter case, the effects of continuously compounded at- 
trition. See fn. 17 below for details of the correspon- 
dence between continuous and discrete time measures. 
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unemployment rate is 


: 1.002 . 
H = 0.020 5 3324 = 0.020 2.988 = 0.0598. 


This is close to the 6 percent rate which we 
would obtain by ignoring the growth adjust- 
ment and simply taking the ratio of ¢ to 7. 
Denote cyclical components with circum- 
flexes so that 6=o— 6, #*=a7*—@*, and 
ù = u — u. Then combining equations (5) and 
(6).and manipulating the result yields? 


7) Au=$—@*u_,+7*(a—u_). 
1 1 


That is, an abnormally high rate of new 
searchers, or an abnormally low probability 
of finding an acceptable job, tends to in- 
crease the unemployment rate, but aside from 
these shocks the unemployment rate con- 
verges to its natural rate with a constant 
partial-adjustment factor *.* 

To illustrate the implications of equation 
(7), suppose for simplicity that an unex- 
pected economic shock increases ọ and 


3A form of equation (7) which accounts for 7 and y 
separately is 


eget tse" E E os 
meee (te ere (ee ree 


+( 722) @-u.). 


This form will be used in the empirical work below. The 
negative sign of the ((y/(1+ y))—(¥/(1+ 7))) u_; term 
appears puzzling because we naturally think of ¢ in- 
creasing as } increases. In a partial sense, however, the 
more of a given increase in search flow that comes from 
new entrants, the lower will be the unemployed relative 
to the labor force. In other words, a given increase.in } 
causes a slightly smaller increase in Au if it comes 
about from new entrants as compared to the previously 
employed because in the former case the denominator of 
the unemployment rate is increased as well as the 
numerator. This neglects any secondary effect on 7 
should new entrants have an expected search duration 
which differs from that of the previously employed. 

4The rate #* is not necessarily constant over time. 
For example, in the empirical work we show that it 
varies with the demographic composition of the labor 
force. For our immediate purposes, however, we may 
assume that it is constant. 
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lowers #* temporarily until information on 
the change in policy can be incorporated in 
the expectations of entrepreneurs, searchers, 
and the public. Figure 1 illustrates the behav- 
ior of the unemployment rate on the assump- 
tion that these expectations effects on search 
flow and the instantaneous probability of 
employment last for one period only. The 
figure shows that a one-period expectations 
error implies a persistent effect on unemploy- 
ment, and hence on real output in the stan- 
dard search-unemployment model. In the 
second period, the probability that each 
searcher finds a job is at the normal level, 
but the additional unemployment engen- 
dered in the first period takes time to work 
off. If we were to suppose that the initial 
effect of a restrictive demand shock is in part 
to build up inventories, and that these ex- 
cessive inventories lead to @>@ in succes- 
sive periods, the interval in which unemploy- 
ment rates rise would be prolonged. - 

It may seem strange at first that when 
workers realize that they made a mistake last 
period, m* returns only to its normal value 
rather than going below 7* to compensate 
for the error. A bit of overshooting is possi- 
ble if there were financing constraints, but, 
generally, past errors are forever bygones 
and optimal sequential search will imply a 
reservation wage which results in the normal 
probability of successful job search.’ This is 
not to deny that the wage offer distribution 
is likely to shift over the course of the cycle. 
In particular, one would expect the mean of 
the offer distribution to fall as the economy 
moves into a recession. However, as dem- 
onstrated by Steven Lippman and John Mc- 
Call (1976, 1985), a correctly perceived de- 
cline in the mean of the offer distribution 
will, in general, imply a decline in reserva- 
tion wages but the effect on the probability 


3See Steven Lippman and John McCall (1985). Sim- 
ple sequential search models imply that the expected 
remaining duration of search is a constant (1/7) for 
uncompleted spells of unemployment when workers cor- 
rectly perceive the potential distribution of offers. Fi- 
nancing constraints could. be introduced to make the 
reservation wage a decreasing function of the length of 
unemployment experienced. © 
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PERIOD 


FIGURE 1. EFFECT ON U OF ONE-PERIOD SHOCK 


of receiving an acceptable. offer (7) will be 
ambiguous.° 

The stock of search unemployed workers 
can be increased from its equilibrium value 
by a single-period expectational error. Once 
this excess stock comes into existence, a frac- 
tion is eliminated each period through suc- 
cessful search in the market place. Thus 


®It is worthwhile to remind the reader that the typical 
explanation of q being procyclical involves incorrectly 
perceived shifts .in the offer distribution. For correctly 
- perceived shifts, however, the-effect on m is ambiguous 
as noted. It may be argued that the presence of positive 
.or negative externalities associated with a change in the 
number of searchers (for example, Peter Diamond, 1982, 
and Peter Howitt, 1985) should play a role here. But 
these factors will involve a change in the shape (or a 
shift) in the offer distribution. Following the above 
arguments, if the change in the offer distribution is 
correctly perceived, then reservation wages are likely to 
change but any change in the probability of accepting 
an offer is likely to be second-order in magnitude. 


search dynamics alone imply persistent un- 
employment effects of one-time shocks in the 
economy. These effects are analogous to those 
previously discussed by equilibrium theorists 
for inventories, investment projects in pro- 
cess, and other such state variables. ‘The per- 
sistent unemployment and output effects are 
not due to any persistent errors on the part 
of workers or firms, but instead due to the 
dynamic process of search in the labor 
market. In Section. III below, we present 
empirical evidence that the interaction of 
inventory and unemployment dynamics does 
produce a hump-shaped time ‘path of the 
unemployment rate in response to brief un- 
expected shocks. 


B. Heterogeneous Workers 
A second element of employment dy- 


namics which plays an important role in 
explaining the persistence of unemployment 
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subsequent to a macroeconomic shock is the 
heterogeneous nature of workers. As a gen- 
eral proposition, it has become increasingly 
accepted that heterogeneity across workers is 
important for understanding the behavior of 
unemployment. Realization that workers in 
different submarkets (for example, demo- 
graphic, industrial, occupational) may ex- 
hibit different turnover behavior has led to a 
recognition that the natural rate of unem- 
ployment will vary with the composition of 
the labor market (see, for example, Michael 
Wachter, 1976; David Lilien, 1982; Halti- 
wanger and Plant, 1984).’ Heterogeneity has 
also played an important role in the study of 
the distribution of unemployment duration. 
Specifically, the presence of heterogeneity 
implies a bias in using the observed (from 
the BLS household survey) uncompleted spell 
distribution to measure the unobserved com- 
pleted spell distribution (see, for example, 
Stephen Salant, 1977; George Akerlof and 
Brian Main, 1980). Thus, we are clearly not 
the first to identify heterogeneity as an im- 
portant factor for understanding the labor 
market. Rather, our innovation is to examine 
the ramifications of heterogeneity for per- 
sistence in unemployment over the business 
cycle. In particular, in this section we dem- 
onstrate theoretically how heterogeneity is 
potentially a source of persistence over the 
cycle, and then in succeeding sections we 
provide empirical evidence that indicates that 
heterogeneity is a major factor underlying 
the observed persistence in r (and hence 
in u). 

For simplicity, we can think of workers as 
being divided into two groups. Those in the 
first group have little firm-specific human 
capital and they experience unemployment 
frequently, but the length of these spells are 
brief. Thus, ¢, and 7} are large since there 
is little to be gained from extensive search 
for short-term employment. Members of the 
second group rarely experience unemploy- 
ment, but when it occurs, search is extensive 
and well supported by unemployment com- 


7We incorporate this idea into our measure of the 
natural rate of unemployment in Section II. 
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pensation, other family income, and assets. 
So $, and 7* are both low.® The normal 
unemployment rate is 


We cannot observe individual values of the 
ms and ¢,’s, but only their appropriately 
weighted averages. Of particular interest 
is 7: 


=m, + (s,,-1/s-1)(m =m). 


This overall average probability of leaving 
unemployment can change either because of 
changes in the individual 7,’s or because of 
changes in the unemployment shares (s,/s): 


(10) Ar =) Š= Ar, + Za a( $), 
i S_2 i Sy 


Consider once again a one-period shock. 
To concentrate on issues of persistence, sup- 
pose that people always search optimally (7, 
= 7, always), but that a one-period increase 
in the ¢,’s results in the same proportionate 
increase in each s; In the two-group case, 
§,/s=1—(s,/s). Holding 7, and m, con- 
stant, we have from equation (10): 


(11) Ar=(7- 7) A(s1,-1/8-1). 


For the first two periods, by assumption, 
lagged s,/s is unchanged so the observed 7 


8We have analyzed multiple groups of workers, but 
two groups are sufficient to capture the most important 
empirical features. We here explain the tendency, ceteris 
paribus, for a to decline as duration of unemployment 
increases by the sorting hypothesis: The expected dura- 
tion of unemployment varies inversely with 7, so that 
low a individuals comprise a larger share of longer 
duration relative to short duration unemployment. See 
James Heckman and George Borjas (1980), and John 
Carlson and Michael Horrigan (1983). Alternatively, 7 
might itself decrease as duration increased. As discussed 
below, we believe that the data are best explained by the 
sorting hypothesis. 
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FIGURE 2. EFFECT ON S, $1, S5 OF ONE-PERIOD SHOCK 


remains constant at 7. For each group, un- - 


employment rates will follow a pattern like 
that exhibited in Figure 1, but reflecting the 
m, appropriate to the group. In Figure 2 we 
plot the number of persons unemployed in 
each group, s,, which is simply the product 
of the group unemployment rate and the size 
of the group (s;= u;n;)? Once the search 
flows. return to normal, the excess unemploy- 
ment is eliminated in each group at the rate 
T, At time 2, the lagged values of s, and s, 
have increased by the same proportion so 
(by equation (11)) v is unchanged at 7. But 
q thereafter begins to decline for a number 
of periods as the share s,/s drops. This 
happens ‘because 7, >m, so s} returns to 
normal much faster than does s,. Eventually, 


*Since we have neglected the growth in the labor 
force, the transformation from u to s only shifts the 
relative positions of u, and u, so that they can be 
added together to obtain u = (n; /n)u; +{n3/n)uz. 


however (after about period 6 in the figure), 
nearly all the adjustment in group 1 is com- 
pleted so that the decreases in s, become 
proportionately larger. Thereafter, s,/s and 
hence 7 rise back toward their normal levels. 

In conclusion, the slower adjustment of 
the lower-probability group will appear in 
the aggregate data as a persistent # even 
though each individual worker is searching 
optimally with 7,=7,. The problem arises 
because 7 is based on the normal distribu- 
tion of unemployment among groups: 


(12) T=- mt 
After a recession causes mass disemploy- 
ment, the low-probability group will be over- 
represented for a considerable period of time. 
During the recovery period (with $, = $p 
$y = $2, and yı = Y2 =F), 4, quickly returns 
to u, and thereafter we observe 


(13) 


Au=a7*(u%—u_,). 
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Were 7, sufficiently low, the return to the 
normal unemployment rate could be pain- 
fully slow in the absence of a later stimula- 
tive monetary or fiscal shock. Note also 
. that during this long recovery period the 
share of group 2 unemployed will be 
abnormally large which implies from equa- 
tion (9) that 7 will be abnormally low (7 < 
0). As a result, an analyst looking at only the 
aggregate equation (7) might incorrectly con- 
clude that convergence to the natural unem- 
ployment rate % would be much faster were 
persistent expectational errors not keeping 7 
negative. But we are considering a case in 
which each individual always correctly per- 
ceives the wage distribution, so that 1, = 7, 
always. So persistence in aggregate @ may 
reflect expectational error or significant het- 
erogeneity in ~ across individuals." 

This discussion of heterogeneity suggests 
that considerable care must be taken in de- 
fining the natural rate of unemployment. 
Movements in the unemployment rate will 
be highly correlated with changes in the 
composition of the pool of unemployed 
workers. So-any measure of the natural rate 
that uses weighted averages of normal levels 
of a, and >, where weights are unemploy- 
ment shares (for example, ¢/L;(s;/s)7,) will 
result in most movements in u being ex- 
plained by movements in the natural rate.!? 
Adjustment to normal levels of unemploy- 
ment is reflected in adjustments in the share 
of -unemployment among groups, and thus 
variations in shares should not be used to 


10This model would appear to provide a new basis 
for Axel Leijonhufvud’s corridor notion (1981) in which 
the economy converges to long-run equilibrium abnorm- 
ally slowly after a major perturbation. Note, however, 
that it is hard to believe that exceedingly low values for 
m, could be socially optimal even if they were privately 
optimal given our system of transfer payments. It is not 
clear-—of course—that stimulative monetary or fiscal 
policy has the same power to reemploy group 2 workers 
as it does to disemploy them through bankruptcies and 
-permanent layoffs. 

1 Recall that'in the case just considered the account- 
ing identity (7) will continue to hold although equation 
(13) is governing the convergence to the natural rate. 

2Some hard-won lessons in this regard are imparted 
in Section III below. 
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capture variation in the natural rate of un- 
employment. 


II. Measurement 


We demonstrated that the determinants of 
search rate $, the employment probability 7, 
and the labor force growth rate y were im- 
portant in the analysis of the cyclical pattern 
of unemployment and real output. In this 
section we first consider the measurement of 
$, 7, and y, then decompose the measured 
values into cyclical and normal components, 
and finally obtain a measure of the het- 
erogeneity of a across individuals. At pres- 
ent, we are not able to measure (separately) 
values of ¢ and ~ for those on temporary 
layoffs and those who are searchers (all 
others). We postpone the development of 
such measures to future research. 


A. The Measurement of 6, 7, and Y 


Since the size of the labor force is a regu- 
larly reported statistic, we have no difficulty 
in computing y, the growth rate of the labor 
force. To measure ¢ and 7, we would ideally 
like to have data that reports the gross flows 
of the number of workers among three states: 
employed, unemployed, and not in the labor 
force. Unfortunately, complete data of this 
sort are not regularly and reliably collected.'4 
However, we can obtain very good estimates 
of m and @ from the available data on 
the aggregate number, s, unemployed each 
month and the number, s°-*, who have been 
unemployed “0-4 weeks.” 

Recall that the Current Population Survey 
is conducted each month during the week 
which contains the twelfth day of the month. 
Thus the typical year has twelve surveys of 
which eight are conducted 4 weeks subse- 
quent to the previous survey, and four are 5 


131f we could, we would like to measure z as the 
fraction of the labor force beginning temporary layoff 
within the month, and 7, as the probability of being 
recalled from temporary layoff within the month. 

14 For a discussion of the availability of and problems 
with the gross flow labor force data, see R. Smith and J. 
Vanski (1979). 
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weeks subsequent to the previous survey. We 
find it convenient to use standard months of 
4.35 weeks (30.4 days = 365/12). Since s°~* 
reports the number of people unemployed 31 
days or less, it is a good measure of the 
people who have become unemployed over 
the last month.!$ The number unemployed at 
the last survey is used to approximate s_,, 
the number unemployed exactly one month 
earlier. The equivalence is exact whenever 
u_, equals the value ¢(1+y)/(7+/y) to- 
ward which the unemployment rate currently 
converges. as it would, for example, in 
steady-state equilibrium; otherwise the error 
introduced in estimating r~ is bounded by 
0.02 for plausible values of the relevant 
parameters.!© These data are ‘Sufficient to 
calculate m as 


(14) RET ae 


since 1— is the fraction of individuals: un- s 
employed ‘last month who are still unem- 


ployed. 

Our measured 7 tells us how much longer 
the average currently unemployed person 
would be unemployed under current condi- 
tions: (1/7) months. This would be the ex- 
pected total duration of the average newly 
unemployed person only if the ratio of search 
flows, f,/f,, equals the ratio of the unem- 
ployment shares, .s, /s,. In steady-state equi- 
librium, for example, f/f; exceeds s,/s, so 
that the average expected duration of newly 
begun unemployment is less than the’average 
expected remaining duration of the currently 
unemployed. 
_. The corresponding measure of ¢ is 


=8s%4/n, 


as 6 


:15 Census enumerators, who have a calendar before 
them during an interview, round unemployment dura- 
tion to the nearest whole number of weeks. Correction 
for the difference between 30.4 and 31 days is not 
attempted. 

since a normally lies between 0.4 and 0.6, this is 
an acceptable margin of error. See the Appendix, Part 
A, for details. 
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where n is the civilian labor force: Note that 
this discrete time measure of ¢ measures the 
flow of people who become unemployed 
between monthly observations and are still 
unemployed at this monthly’ observation. 
The continuous-time search Tate would be 
higher.!” 

Monthly values of our estimates of @ and 
m are available from the authors on request. 
Figure 3 plots quarterly averages of the 
monthly-values of 7. The mean value of 0.46 
is interpreted as saying that on average 46 
percent. of the people who are unemployed at 
the beginning of a month will find a job, 
leave the labor force, or be recalled ‘from 
layoff by the end of the month. The vertical 
lines mark cyclical peaks (P) and troughs (T) 
on the NBER reference cycle chronology 
We note first that the values of m- tended to 
be rather higher (around 0.6) during the 
Korean and’ Vietnamese war eras, and also 
that the monthly probability of getting a job 
drops sharply during a recession and rises in 
a boom. Our estimate of 7 is derived and 
discussed in Section II, Part B, below. 


Let ẹ be the continuous-time search rate, 0 be the 
Poisson parameter such that the probability of finding a - 
job between t.and 1+ dt is @ dt, and Fy be continuously 
compounded monthly growth rate of n. Then the 
observed value of ¢ is given by 


o= ( fime™™=Pyer® dt) /n 
; 0 E d : 


=y(1-e9 7) /(6+7). 
Note that the observed value of 7 is simply 1— e? 


Taking ¥=0, the following correspondence are ob- 
served: 


7 @ o/y = 1/8 


0.2° = 223 "896 
0.3 357 -841 
0.4. 511 -183 
0.5 -693 -T2 
0.6 .916 .655 


Thus the observed monthly probability of finding a job 
m is less than its continuous-time equivalent @, and the 
observed monthly flow into unemployment ¢ is less 
than the continuous-time equivalent ». 
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FIGURE 3. PROBABILITY OF EMPLOYMENT ` 


Figure 4 similarly plots quarterly averages 
of monthly values of p. We see that ọ gener- 
ally follows an upward trend although it is 


sharply below trend in both the Korean and. 


Vietnamese war eras. The cyclical behavior is 
sharply contracyclical—rising in recessions 
_ and falling in booms. 


B. Cyclical and Normal Components 


In equations (6) and (7) we analyze unem- 
ployment rate dynamics in terms of normal 
values $, 7, ¥, and @ and-the corresponding 
cyclical components ¢, #, 7, and à. In this 
section we develop estimates of these quanti- 
ties. Following Robert Barro (1977, 1978) 
. and Wachter, we develop measures of 7, 9, 
and y which reflect the effects of the military 
draft and the age-sex composition of the 


labor force on the natural rate of iaio 
ment and derive a measure of i. 


18It might be useful to examine the effect of the 
industrial or occupational composition of the labor 
market on 7, ¢, and y. This is of interest because the 
recent work of Lilien suggests that the industrial com- 
position is important for measuring the overall natural 
rate of unemployment. However, to incorporate these 
ideas in this context, unemployment duration data 
broken down simultaneously by age, sex, industry, and 
occupation would be required, and such a four-way 
‘classification of this data is not available. Confronted 
with the choice of which decomposition matters most, 
we chose the age-sex classification. This is because the 
age-sex-breakdown of the unemployment duration data 
is relatively more available and previous studies (for 
example, Wachter; Haltiwanger-Plant) have demon- 
strated that the age-sex compositión o ot the ‘labor force is 
very important. 
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We define 7 by ` ing the last month by age and sex is only 
no de available as an annual monthly average be- 
i, —1"i -i = i 


(16) ` T= L = Tis 
` i Èn, i; 
F ; 


where the summations are over age-sex cells. 


Labor force shares and unemployment rates 


by age and sex are available monthly, but the 
number who have become unemployed dur- 


1 We must be careful to use normal unemployment 
weights in formula (16) since we have seen that after a 
recession causes mass disemployment, low-probability 
groups—predominant among prime-age males—will be 
overrepresented for some time. Therefore the use of 
actual unemployment weights will lead to spurious pro- 
cyclical movements in measured 7 and hence con- 
tracyclical movements in @. This type of problem seems 
to be at the root of other estimates of u which fluctuate 
sharply with the business cycle. 


ginning in 1967. 

For all age and sex groups other than 
males 16-19 and 20-24, we hypothesize that 
#, is constant over time. This allows us to use 
the available data to measure 7, with the 
following steady-state version of equation 
(14) for group i where A( ) denotes annual 
averages: 7° 


A(s;)~- A(sp-4 


| 
AG,-1) | 


20All measures of normal 7, $, Y, and i are based 
on data from 1967 to 1983. The A(s; _,) denotes the 
annual average of data from the prior December through 
November of the current year, and the mean is taken 
over the period 1967-83. ` 


(17) 7=1 -mean| 


623 . 
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For males 16-19 and 20-24, the normal 7, 

. is allowed to vary over time with the nature 

of the military draft. To measure 7, for these 

two young male groups, we estimate the fol- 
lowing equation: 


(18) A(m) = 


a, + «,A( MIL) 
T)+ a,A(m,— Tp), 


where a, refers to either males 16-19 or 
` 20-24, MIL is Barro’s military draft vari- 
„able, and 2,—7@, and 7,—%, are the devi- 
ations from the mean of the annual average 
of monthly v, and 7, for males 35-44 and 
45-54, respectively.22 The latter two vari- 
‘ ables are included to account for cyclical 
variation in 7, Using the estimated coeffi- 
cients from this equation, 7, for males 16-19 
and 20-24 is calculated as 


(19) 
We define ¢ as 


o=Do 


T, = Gy + â MIL. 


(20) 


= 


where the summations are over age-sex cells. 

Similar to our measurement of 7,, the nor- 
mal $, for group i for age-sex groups other 
than males 16-19 and 20-24 is measured 
by. the 1967-83 mean of equation (14) for 
group i: 


(21) = mean|A(s°-*)/A(n,)| : 


For males 16-19 and 20-24, ¢, is measured 
using an adjustment for the effect of the 


21 This’ equation is estimated cue annual data from 
1967 to 1983. : 

22-The military variable is zero in the years in which 
there was no draft (January 1970 to December 1983), 
and equal to the ratio of the number of military person- 
nel to the male population age 16-34 in years in which a 


draft was present. The draft after 1970° was a lottery . 


draft. Following Barro (1977, (1978), we include this in 
the “non-draft” period since. the incentives to search 
were considerably decreased by this process of conscrip- 
tion. Monthly data for.this variable is available begin- 
ning 1953:8. 
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military draft similar to that used to adjust 7, 
for the military draft. 
We define ¥ as 


(22) y= 


pai aie 
i 


where the summations are over age-sex cells 
and ¥, is measured as the mean of the ob- 
served monthly growth rates for group i. 

Having measured 7, $,, and Y, for each 
group i, we can measure ñ, by an age-sex 
specific version of equation (6). The aggre- 
gate values 7 and ¢ are obtained from equa- 
tions (16) and (20), and used with y and 
equation (6) to obtain the aggregate normal 
unemployment rate u which risés (see Fig- 
ure 5) until the late 1970’s and then begins 
to drift downward. 

Examining Figures 3 and 4, we see that 7 
is relatively constant and the key factor mov- © 
ing ŭ is @, which indeed increases during the 
1970’s and then falls off somewhat in the 


` early 1980’s. This can be explained by ex- 


amining the estimates of the 7, and 9; val- 
ues. 

Table 1 reports the estimated normal val- 
ues for 7, $,, Yp and #, by age and sex.” 
During the 1970’s, the labor force share of 
the young increased and then decreased 
slightly in the early 1980’s as the baby-boom 
generation grew older. Since, as reported in 
Table 1, the young have relatively high prob- 
abilities of leaving unemployment, this ac- 
counts for the small movements in 7 over 
this period. 

Figure 4 includes a plot of the quarterly 
averages of monthly values of . We see that 
@ follows a general upward trend that is 
dramatic in the early to mid-1970’s, but falls 
off in the early 1980’s. Since the 6,’s are 
relatively constant over time, equation (20) 
indicates that this variation in @ musi be the 
result of variation in labor force shares. Our 


23In a recent study of micro turnover data, Robert 
Topel (1984) found results: similar to those reported 
here.. Namely, that as age and experience in the work 
force increased, the likelihood of becoming unemployed 
(ġġ) decreased by the likelihood of leaving unemploy- 
ment (7) decreased as well. 
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TABLE 1— ESTIMATED NORMAL VALUES OF 7 AND $ BY AGE AND SEX 





Males f Females 

Age Group Y T È; 4; Yi 7 . : $; : u; 

16-19° . 0.0023 0.5366 0.0895 0.1665 > 0.0028 ` 0.5715 ' 0.0974 ` 0.1701 
20-247 0.0036 | 0.4373 0.0434 0.0988 0.0043 ~ = 0.5243 0.0506 0.0964 
25-34 0.0033 0.3847 0.0179 0.0463 0.0060 0.4932 =| 0.0333 0.0671 
35-44 0.0005 0.3571 0.0114 0.0319 . 0.0024 0.4584 0.0229 0.0498 
45-54 — 0.0002 0.3379 0.0102 0.0301 0.0012 0.4262 0.0172 0.0403 
55-64 0.0003 0.3164 0.0101 0.0320 0.0015 0.3966 ` 0.0136 0.0342 
65 and over — 0.0004 0.3449 0.0122 0.0355 0.0016 0.3888 0.0133 0.0342 


Note: Calculated as described in text. 
*Reported values of # and $; for young males (16-24) are the values since 1970:1 with MIL= 0. Prior to 1970:1, 
these values varied monthly with the draft variable MIL. 


examination of ‘the labor force share data evidenced by Table 1. Accordingly, the fall- 
reveals that the upswing in ¢ in the early to off in ¢ in the early 1980’s is accounted for 
mid-1970’s is accounted for by the influx of by the decreased share of.the young in the 
the young and women into the labor force; ` labor force as the baby-boom generation grew 
‘both are relatively high turnover groups as older. The estimated ¢ values move more 
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dramatically than 7 because of the much 
greater variation in ¢, than in 7; values. 


C. Evidence of Heterogeneity in 7 


The adjustment of the aggregate measure 
of w to its equilibrium value, 7, can be 
slowed by the presence of heterogeneity in 
> the labor market. As we showed in Section I, 
Part B, if there are two groups with different 
values of 7, and ¢,, aggregate measures of 7 
“ can show persistent deviations from 7, even 
though within groups there is no persistent 
deviation from equilibrium values. Any at- 
tempt then to measure persistence in #, and 
thus #, requires an empirical characterization 


of heterogeneity. In this section we provide . 


empirical evidence of heterogeneity in 7. 


Let d, denote the average duration of 


unemployment this month for those who were 
unemployed last month and are still unem- 
ployed, and let d, denote the average dura- 
tion of unemployment in the previous month 
for all unemployed workers. Suppose that all 


individuals have the same probability of exit- . 


ing unemployment, 7; that is, there is no 
heterogeneity. Then, 
(23) d,=d_,+1. 


Given a uniform escape probability at any 
point in time, the average duration of unem- 


ployment for-those remaining unemployed in - 


a given month should increase by one month. 
However, if individuals are heterogeneous, 
and thus have different values of r, then d, 
will generally exceed d_,+1 because a dis- 
proportionate share of: high- -duration (low r) 
workers remain unemployed at the end of a 
month’s time. 

Given a heterogeneous workforce, on aver- 
age d, will exceed. (d_, +1) by some posi- 
tive value; call it h. Thus, 


(24) d,=d_,+1+h. 


Let. d, denote the average duration of people. 


- who became unemployed in. the last month. 
` Then the average duration of unemployment 
in a given month, d, is simply a weighted 
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average of d, pe d,: 


(25) ye sa es ty: LEH dn 


Solving (25) for h yields 


d—d,(s°*/s) 
1+(s°-4/s) 


Data on all of the right-hand side variables 
are readily. available, except for d, -which 
can be approximated and in our sample. lies 
between 0.4267 and 0.4691.” To compute 
the mean value of h over 1953:8 through 
1983:12,. we assume ‘d, to be constant at 
0.4495, which corresponds to the mean value 
of m of 0.45674. The resulting mean value, h, 
is 0.973. What does this value imply about 
the extent of heterogeneity in the labor force? 

Suppose that the labor force can be char- 


(26) h= dint 


_acterized as consisting of two groups as in 


Section I, Part B. It is straightforward to - 
determine the steady-state. value of A for 
alternative values of 7 and 7, given that 
the steady-state ratio of inflows f,/f, ad- 
justs so that the aggregate 7 is equal to its 
sample mean of about 0.46.” Candidate pairs 
of values of 7, and 7, are those for which’ 
the calculated value of k is close to 0.973. 
Table 2.reports these pairs together with the 


24Those who became unemployed within the month 
will have an average duration of less than one-half 
month, because those who became unemployed. earlier 
in the month are more likely to have found a job than 
the more recently unemployed. Assuming the Poisson 
distribution of fn. 17 above and 7=0, the average 
duration of those who became unemployed within the 
month is 





- Recall that 0 = —log(1 — 7), The minimum and maxi- 


mum values of 7 observed over 1953:8-1983:12 are 0.31 
and 0.59 for which the corresponding d, values are 
0.4691 and 0.4267, respectively. : 

25See the Appendix, Part.B, for details. 
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TABLE 2— 7%, 7, AND f, /f, COMBINATIONS 
FOR WHICH 7 = 0.45674 AND h = 0.973 
IN STATIONARY-STATE EQUILIBRIUM 


T T f 1 A f 2 h 

0.99 0.225 4.72 0.977 
0.85 0.217 4.72 0.976 
0.80 0.208 5.01 0.973 
0.75 0.197 ‘ 5.60 0,973 
0.70 0.183 6.70 0.976 
0.65 0.166 8.70 0.974 
0.60 0.143 13.00 0.976 
0.55 0.112 24.85 0.968 
0.54 0.104 29.96 0.969 
0.53 0.095 37.35 0.975 
0.52 -0.086 47.83 0.971 
0.51 0.076 64.52 0.968 
0.50 0.064 95.14 0.981 
0.49 0.052 153.44 0.975 
0.48 0.038 303.88 0.985 
0.47 0.023 . 892.5 0.981 
0.46 0.006 14,156.7 0.980 


Note: T, is the value to three digits which yields h 
nearest to 0.973 given that f/f. adjusts so that 7 = 
0.45675. See the Appendix, Part B, for details. 


implied values of f,/f, and h. Note that 
the h in our sample implies two groups with 
substantially different values of 7,. 

We can get some idea of potential values 
for 7, and 7, from the range of values 
reported in Table 1 for broad age-sex cells. 
These values range from 0.31 to 0.57. Sup- 
pose that the average 7, for 16-19-year olds 
of both sexes (0.55) reflects 7,, because these 
youngsters have not yet formed any perma- 
nent job attachments nor acquired specific 
human capital.” Table 2 tells us that 7, 
would be about 0.112. If the normal unem- 
ployment rate among group 2 were about 
half the overall rate (say 2.75 percent), then 
p, would be 0. 00308. Put differently, the 
average duration of these permanent jobs 
would be about 325 months or 27 years. This 
number is consistent with the stylized facts 


26 The correct 7, could be even a bit lower than this if 
the average high-probability individual has a lower 
probability than these youngsters of getting a job or 
leaving the labor force. 
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about the labor market.” A 7, of 0.112 would 
imply that during the recovery from a reces- 
sion when 7, dominates the adjustment rate, 
cyclical unemployment would fall by about 
one-ninth in one month, one-third in a 
quarter, one-half in a half-year, and three- 
quarters in a year’s time if all $’s and 2’s 


’ were at their normal values. Such persistence 


may be sufficient to explain the puzzle of 
why unemployment is persistent without need 
for recourse to any substantially persistent 
expectational errors which cause 7, and 7, 
to differ from their normal values for long 
periods of time. This hypothesis is consid- 
ered further in Section HI. 

A final implication of using 7,=.55 and 
T, =.112 is that normally 79 percent of the 
unemployed would be from group 1 and 
only 21 percent from group 2.7" However, if 
we assume that the m, values were at their 
normal levels when 7 fell to 0.313 in Novem- 
ber 1982, then we conclude that s,/s fell to 
only about 0.459. The unemployment rate of 
10.7 percent at that time can be decomposed 
into 4.91 percentage points due to group 1 
and 5.79 percentage points. due to group 2. 
Group 1 accounts for 4.77 percentage points 
of the 6.07 percentage point value of u, but 
for only 0.14 percentage points of the total 
4.63 percentage points of cyclical unemploy- 
ment.” Group 2 accounts for the remaining 
1.30 percentage points of normal unemploy- 
ment and 4.49 percentage points of cyclical 
unemployment. This illustrates that the data 
are consistent with our theoretical analysis in 
Section I, Parts A and B: normal unemploy- 
ment consists primarily of high-turnover in- 
dividuals, but cyclical unemployment is 
dominated during the recovery from a reces- 
sion by individuals who have lost permanent 
jobs and are searching for a replacement. 
Loss of permanent jobs during recessions 
will be more prevalent as firms in declining 


mance Robert Hall (1982). 
28 This is computed as 5, /3 = (0.45674 —0.112)/(0.55 
0,112) = 0.787. 
29We calculate s, /s = (0.313 —0.112)/(0.55—0.112) 
= 0.459; §, /F = (5, /5)(%) = (0.787)(6.066%) = 4.77%; 
5, /n= (8, /s)(2) = (0.459)(10.7%) = 4.91%. 
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industries find it profitable to accelerate the 
eventual reductions in their labor force dur- 
ing such times.*° The search process for such 
permanent job losers—possibly involving re- 
location or shifting industries—is a lengthy 
one so that cyclical unemployment falls much 
more slowly than would be suggested by a 
normal 7 of almost one-half. 

In this section we developed a method to 
characterize the extent of heterogeneity em- 
pirically using data on the duration of unem- 
ployment. We then assessed the impact of 
the heterogeneity in the 1953-82 period. The 
result is striking—that the observed hetero- 
geneity could very well account for the ob- 
served persistence in the aggregate 7. In the 
next section we develop a regression model 
that allows us to test this hypothesis as well 
as characterize other cyclical determinants of 
#, >, and 7. 


I. An Empirical Model of 
Cyclical Unemployment 


The model of unemployment rate dy- 
namics we have developed allows us to iden- 
tify four separate potential sources of per- 
sistence in cyclical unemployment, #. First, 
persistence could be due to the partial ad- 
justment of u toward u with v, $, and y at 
their normal levels. Such persistence is pic- 
tured in Figure 1. Our estimation of 7 in 
Section II implies that, on average, 46 per- 
‘cent of the unemployed escape unemploy- 
ment each month which would imply that, 
during recovery, nearly half the cyclically 
unemployed would find jobs within a month. 
However, as we demonstrated empirically in 


30This is because a reduction in the current value of 
the marginal product will have a disproportionately 
greater effect on the present discounted value of the 
marginal product for declining industries. Essentially, 
we are arguing that structural change in the economy 
will be greater during recessions. The basic idea is that 
the necessary reallocation of labor associated with 
changing tastes and technology is likely to be bunched 
together during recessions. This is because during these 
periods the value of production is relatively low, and 
therefore this becomes an optimal time to make changes 
that were eventually going to be made anyway. 


SEPTEMBER 1985 


Section H, the partial-adjustment speed may 
be substantially reduced due to heterogene- 
ity, with individual 7, ¢, and y at normal 
levels. We illustrated this phenomenon in 
Figure 2, and the estimates we generated in 
Section II,- Part C, show that only about 
one-ninth of the cyclically employed would 
find jobs within a month. A third scurce of 
persistence might be autocorrelation in #, ¢, 
and ¥ due to equilibrium adjustments to 
changes in economic conditions. Finally, au- 
tocorrelation in #, @, and ¥ may be associ- 
ated with persistent expectational errors. The 
first three sources of persistence are con- 
sistent with a rational expectations model of 
economic agents’ behavior, while the fourth 
contradicts such a hypothesis. 

In this section, we complement the mea- 
sures of 7, ¢, and y developed in Section II 
with equations that explain the movement of 
a, $, and y around those normal levels, and 
with a supplementary equation which links 
the movements of inventories and money. 
This preliminary analysis of the data raises 
many questions for future research, but 
several messages are clear. First, heterogene- 
ity is an important source of persistence, 
which confirms the empirical analysis just 
presented. Second, the data appear to be 
consistent with equilibrium models of per- 
sistence, with little if any role for autocorre- 
lated expectational errors. Finally, within the 
simple model we have chosen to describe, 
deviations of the unemployment rate from its 
natural level are not caused directly by mon- 
ey shocks, but instead through fluctuations 
in the level of inventories about its mean. 
Thus aggregate shocks that cause the level 
of inventories to fluctuate, such as unantic- 
ipated fluctuations in the money supply, will 
affect the cyclical unemployment rate. 


A. Behavior of the Employment 
Probability î 


The standard search model of unemploy- 
ment states that # is a function of unex- 
pected changes in aggregate demand and 
hence the derived demand for labor. An un- 
expected increase (decrease) in aggregate de- 


mand shifts the actual distribution of wage 
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offers right (left) relative to the expected 
distribution so that ~ is increased (de- 
creased) relative to normal. Another, possi- 
bly complementary, theory posits that the 
probability of receiving any offer increases 
(decreases) so that the probability 7 of 
an acceptable offer increases (decreases). 
Following Barro (1977, 1978), we use unex- 
pected money M as an indicator of shifts in 
aggregate demand. The strictest interpreta- 
tion of rational expectations would posit that 
only the current value of M should affect 
#.°! We test this hypothesis by including in 


A 


our # regression specification a distributed 
lag on the current value and first 11 lags 
of M.>? : 

The cyclical component J of the inven- 
tory-sales ratio may affect + for three rea- 
sons.” First, our measure of 7 is actually a 
weighted average of the probability that a 


31For such an interpretation, see Bennett McCallum 
(1979). The basic idea is that all past information will be 
incorporated in current expectations and so will have no 
effect on real variables except through past effects on 
current state variables such as inventories. If lagged 
values of M were to enter, we would conclude (a) 
expectations are not formed rationally, (b) the relevant 
horizon for forming expectations is longer than 1 month, 
or (c) some significant state variables have been omitted 
from the regression. In the latter case, the lagged M 
coefficients would reflect past effects on the omitted 
state variable(s) and current effects of the state 
variable(s). * 

32We measure M as the residual from an 
ARIMA(0, 2,4) process fit to log M. Our money series is 
the current Federal Reserve M, series for 1959:1 through 
1983:12 which we have extended back to 1953:6 by a 
ratio splice at 1959:1 to the old M, series in Board of 
Governors of the Federal Reserve System (1976). (This 
splice preserves the growth rates in the two series which 
are practically identical in 1959.) After allowing for 
taking second differences, M estimates are available 
from 1953:8. This start date for estimating M was 
chosen for two reasons: 1) this avoids essentially all of 
the period during which the Fed was pegging govern- 
ment bond prices. The process determining money 
growth is potentially different during that period; see 
Milton Friedman and Anna Schwartz (1963, pp. 613, 
625). 2) This is the latest start date for M for which 
availability of M observations does not reduce the period 
over which we can estimate the regressions reported in 
this section. 

33We measure Î as the deviation from a linear trend 
fit to Citibase. data on the inventory-sales ratio for 
manufacturing and trade. This ratio (the one-month 
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searcher finds an acceptable job, the prob- 
ability that a searcher leaves the labor force, 
and the probability that a laid-off worker is 
recalled. The probability of recall from layoff 
depends positively on the extent to which 
excess inventories have been eliminated.** 
Second, when inventories are abnormally 
high, the discounted marginal value product 
of labor is abnormally low. Optimal inter- 
temporal leisure substitution implies that 
some searchers should then drop out of the 
labor force, but we expect that in fact many 
of these individuals would be counted as 
unemployed due to unemployment benefit 
tules. Finally, cyclical fluctuations in inven- 
tories could shift the actual wage offer distri- 
bution relative to the expected distribution. 
To capture these inventory effects, the 7 
equation also includes a 12-month distrib- 
uted lag on Z. Intertemporal substitution 
considerations would suggest that J should 
enter because it is the most recent informa- 
tion available to workers during the month. 
From the point of view of firms, lagged as 
well as current values of J could enter be- 
cause, if there were adjustment costs associ- 
ated with varying employment, it would be 
optimal for firms to use inventories to buffer 
short-run monthly variations in sales. How- 
ever, given that there are also costs of. vary- 
ing inventories, successive monthly varia- 
tions in the inventory-sales ratio in the same 


lagged value of Business Conditions Digest series num- 
ber 77) has the beginning-of-month total book value (in 
1972 dollars) of manufacturing and trade inventories as 
the numerator and manufacturing and trade sales for 
the prior month (in 1972 dollars) as the denominator. 
This dating is appropriate both with respect to the 
decision making of the firm and for the intertemporal 
decision making of individuals. The linear trend was not 
estimated directly, but instead is that J implied by our 
regression of J on both trend and cyclical variables (see 
Table 5 below). The difference is not a substantive one: 
the correlation coefficient between our / and the residu- 
als from a linear trend regression is 0.95. Details of how 
to impute 7 from the Table 5 regression are given in fn. 
41 below. 

34See Haltiwanger and Louis Maccini (1984) and 
Topel (1982) for theoretical results which support the 
discussion of the interaction of inventories and layoffs in 
this section. 
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TABLE 3— DETERMINANTS OF 7 
i _ With With 
Î and M Î Only _fand M i Only 
(1). 2) (1) Q) 
Constant ` — 0.4588 — 0.4582 M 0.5047 
; (0.0112) (0.0110 `` can (0.3727) 
Lagged Share of y ` a ee 
Unemployed with 1.0073 1.0066 M(-1) ` 0.3039 
0-4 Weeks Duration (0.0246) (0.0242) (0.3739) 
i — 0.5677 — 0.6260 M(-2) —0.3642 .. 
(0.1296) (0.1220) (0.3747), 
-y 0.1152 0.1557 M(-3) —0.1325 
(0.1642) (0.1606) . (0.3758) 
I(-2) — 0.0870 — 0.0481 M(-4) 0.3922 ` E 
(0.1646) (0.1605) (0.3793) 
7-3). _ 0.1409. 6.1264 M(—5) 0.0711 
i (0.1648) (C1606) (0.3885) 
I(-4) 0.1287 -C0933 M(-6) 0.1689 
(0.1653) (G.1610) ` (0.3929) 
ÎÌ(—5) —0.1099 —0.1013 M(-7) —0.0402 
s (0.1654) - (0.1608) (0.3962) » - 
1(-6) 0.2245 0.2135 M(-8) — 0.2048 
cs (0.1664) (0.1624) (0.3932) 
AN —0.1341 — 0.1044 M(-9) 0.2350 
i _ (0.1656) (0.1616) (0.3974) 
i(-8) 0.0001 0.0058 M(-10) -0.0798 . 
(0.1670) (0.1617) E (0.3962) _ 
i(-9) - 0.1500 . 0.1157. M(-11) 0.4122 
(0.1675) - (0.1610) (0.1296) 
1(=10) — 0.0935 , —0.0390 . R? 0.850 0.852 
(0.1683) (0.1614) — SEE 0.026. . 0.026 
i(-11) 0.1630 0.1324 D-W 1.828 1.833 
(0.1255) (0.1193) i ; . 
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Note: Standard ‘errors are shown in parentheses. Period of estimation is 1954:8 through 1983:12. 


direction will make it optimal for a firm 
eventually to change production and hence 
employment. To capture this optimal lagged 
response of employment to inventories, we 
include a distributed lag of f as feterminanis 
of ĝ. 

-To capture the effects of: biisei on 
” &, we require variables that indicate how the 


composition of the unemployed has changed 


over time. In particular, we are interested in 
changes in the share of the unemployed who 


exhibit high turnover and low duration rela-. 


tive to the share of the unemployed who 
exhibit low turnover and high duration. To 
characterize this simply, we include the one- 
period lagged share of unemployed who have 
been unemployed less than 5 weeks as an 
explanatory variable in the # equation. 


Column 1 of Table 3 reports the results 
of OLS regressions of 7 on the lagged unem- 
ployment share of low duration workers, and 
the 12-month distributed lags on Î and M 
using OLS. The coefficients on the unem- 
ployment share is positive indicating that 7 
increases as the share of the short duration 
unemployed increases. The coefficient is sig- 
nificant at the 99 percent confidence level. 
Neither the current money shock nor all 12 
coefficients as a group are significantly différ- 
ent from zero.” The coefficient on I is nega- 
tive and significant and the distributed lag 


The F(12,327)-statistic for testing the null hy- 
pothesis that all the coefficients on M are zero is 0.570. 


' 
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on f is significant as well. % In column (2) we 
report a regression which omits the insignifi- 
cant lags on money shocks. The / distributed 
lag is now significant at the 1 percent con- 
fidence level.*’ Inclusion of additional lagged 
unemployment shares by other duration in- 
tervals does not alter the qualitative results 
reported in Table 3 (the insignificant dif- 
ference from 1 of the (s°-4/s)_, coefficient 
neither is nor should be robust across specifi- 
cations). 

We interpret these results as indicating 
that the primary factor determining cyclical 
variations in the probability of leaving un- 
employment is heterogeneity. Inventory in- 
novations appear to play some role and 
surprisingly, money shocks have no sig- 
nificant impact. Money shocks may be in- 
significant because they operate only through 
the J, or because of measurement error 
problems, but there is certainly no evidence 
here of persistent expectational errors. 


B. Behavior of ẹ 


Since firings and layoffs are the comple- 
ment of firms’ decisions with respect to new 
hires and recalls, we would expect ¢ to be 
increased by high cyclical inventories and 
decreased by positive money shocks. High 
inventories or low sales due to a negative M 
present the best time for firms to cull their 
labor force of marginal workers; when these 
conditions are persistent, layoffs (permanent 
and temporary) will result. In the opposite 
direction, low / and high M would tend 
to induce firms to retain otherwise unsatis- 
factory workers temporarily and would re- 
duce the aggregate incidence of new layoffs 
below its normal level. So as with 7, we 
include 12-month distributed lags on J and 
M in our regressions explaining ¢. 

Heterogeneity in the labor force in terms 
of turnover propensities is a third factor 


The F(12,327)-statistic for testing the null hy- 
pothesis that all of the coefficients on / are zero is 2.974. 
37The F(12,339)-statistic for testing the null hy- 
pothesis that all of the coefficients on J are zero is 9.771. 
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which may influence $. Our measure of $ 
already controls for such heterogeneity that 
is associated with the age-sex composition of 
the labor force. However, other character- 
istics of individuals may be related to het- 
erogeneity in turnover propensities. In an 
attempt to capture some of this residual het- 
erogeneity, we include measures of the in- 
dustrial composition of the labor force in the 
> regressions. 

Column 1 of Table 4 reports the results 
of regressing $ on the 12-month distributed 
lags on J and M, and on the industrial 
composition of the labor force. The shares 
of the labor force by industry proved to 
be significant indicating heterogeneity in 
turnover propensities across industries.*® 
Relatively high-turnover industries include 
construction, mining, and manufacturing 
(nondurables), whereas relatively low-turn- 
over industries include transportation and 
manufacturing (durables). As a group, the 
distributed lag on Î proved quite significant 
in explaining $.°° The large, significant, 
positive coefficients on Ê and I(- 1) reflect 
the increase in layoffs associated with high 
cyclical inventories. It is not possible to de- 
compose this into temporary and permanent 
layoffs, but the significant negative coeffi- 
cient on /(—11) suggests that variation in 
the rate of permanent separations for mar- 
ginal workers is involved: if a marginal 
worker is fired earlier due to high cyclical 
inventories, @ will decrease below normal 
levels during the latter period when the 
worker would have otherwise been fired. The 
sum of the coefficients is positive confirming 
the notion that high cyclical inventories cause 
temporary layoffs of employees who other- 
wise would never have been unemployed. A 
similar pattern of coefficients appears in the 
distributed lag on M. A high value of M 
reduces the likelihood that workers will be 
terminated in the first few months, but there 


38The F(7,321)-statistic for testing the null hypothe- 
sis that all labor force share by industry coefficients are 
zero is 161.39. 

The F(12,321)-statistic for testing the null hy- 
pothesis that all 7 coefficients are zero is 16.01. 


Note: Standard errors are shown in parentheses. Period of estimation is 1954:8 through 1983:12. 
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TABLE 4— DETERMINANTS OF È 
_ With | _ With 
Î and M Î Only Îani M — _ fF Only 
(1) (2) D | (2) 
Constant —0,0325. — 0.0277 M -0.0012  - - 
: (0.04363) (0.0425). (0.0209). ° 
LF Share of Transportation 0.5475 —0,5295 M(-1) — 0.0155 ` - 
ia (0.0966) (0.0946) (0.0210). 
LF Share of Finance te 
- and Services 0.1107 0.1056 M(-2) —0.0139 = 
. (0.0484) (0.0468) ; (0.0210) 
LF Share of . —0.3020 —0.3052 M(-3) — 0.0420 - 
Manufacturing-Durables (0.0669) : (0.0644) (0.0213) 
LF Share of Construction 0.3513 0.3474 M(-4) —0.0109 - 
* (0.0762) (0.0746) (0.0215) 
LF Shares of Mining 1.1473 1.1457 - M(-5) —0.0275 - 
l aor : (0.1324) (0.1298) (0.0221) 
LF Share of Wholesale and . 0.0171 0.0062 M(-6) — 0.0102 - 
~~” Retail Trade (0.0850) (0.0842) (0.0225) 
LF Shares of ` 0.8229 0.8054 MOTD 0.0147 - 
Manufacturing-Nondurables - (0:0590) (0.0579) (0.0227) 
T f ; . 0.0355 0.0376 M(-8) 0.0165 = 
: (0.0072) (0.0067) (0.0223) 
i(-1) 0.0187 0.0196 M(-9) — 0.0025 - 
(0.0092) (0.0090) 7 (0.0226) 
i(-2) — 0.0062 —0.0077 M(—10) 0.0047 = 
; (0.0091) (0.0089) : (0.0226) 
i(-3) — 0.0039 — 0.0038 M(-11) 0.0217 7 
(0.0091) (0.0089) - (0.0223) 
i(-4) "0.0044" .  —0.0014 
` (0.0092) (0.0090) Sum of DL Coefficients: 
ont ' 0.0310 0.0303 
i(-5) — 0.0078 — 0.0074 on M — 0.0442 - 
. (0.0092) (0.0090) >  ° : 
. I-6) 0.0032: -0.0024 = R? 0.790 0.792 
(0.0093) ` > (0.0091) 7 
i(-7) ~ 0.0055 — 0.0071. S. E.E. 0.001 0.001. 
S (0.0092) (0.0090) 
i(-8) 0.0065- 0.0079 D-W 1.217 1.249 
(0.0093) . (0.0090) 
Î(—9) 0.0013 - _ 0.0023 
; (0.0093) (0.0090) 
I(—10) — 0.0081 — 0.0061 
f (0.0094) * (0.0090) 
I(-11) . 0.0233 , —0,0210 
(0.0072) (0.0068) 


is essentially no ‘effect over a year’s time as 
_indicated by the insignificance of money. 
shocks as a group. 4° Column 2 of Table 4 


‘The. F(12,321)-statistic for testing the null hý- 
pothesis that all M coefficients are zero is 0.716. © ` 


reports the results of a ‘régression which drops 
the insignificant M distributed lag. The S- ` 
shaped pattern of Î coefficients is more pro- 
nounced than in the previous regression. 
Again we conclude that lagged expectational 
errors from money shocks, account for no: 
detectible. persistence in the unemployment” 
rate except as it is incorporated in 7. 
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C. Cyclical Behavior of 4 


Given potential discouraged and added 
worker effects over the cycle, both Î and M 
might influence 7. In regressions not re- 
ported here, we tried regressing 7 on 12- 
month distributed lags on these variables. 
The F-statistic on each group of parameters 
was insignificant and the R? negligible. We 
conclude that, whilé various subgroups of the 
labor force may have cyclically sensitive par- 
ticipation rates, the overall growth rate of the 
labor. force i is not sensitive to syenpal factors: 


D. Cyclical Behavior . 
of the Inventory-Sales Ratio I 


Our results so far indicate that to under- 
stand the cyclical behavior of the unemploy- 
ment rate, the determinants of the inventory- 
sales ratio must be understood as well. Much 
research on the cyclical behavior of J is 
already underway; so, for our present pur- 
poses, it suffices to estimate a simple partial- 
adjustment regression of J on time, the lagged 
dependent variable, and a 12-month distrib- 
uted lag on M_, as our indicator of aggre- 
gate demand shocks. Since J is the ratio of 
beginning inventories to last month’s sales, 
the current money shock M occurs too late 
to affect its value. This regression is reported 
in Table 5. 

‘Although the equation is a simple one, it 
in fact explains the behavior of the inven- 
tory-sales ratio well. The coefficient on T; 
indicates that 9 percent of cyclical invento- 
ries are eliminated per month; this corre- 
sponds to 25 percent in three months, 44 


percent in six months, and 68 percent in a - 


year’s time. The long-run effect of the time 
trend term is only 0.0004 per annum.** The 


411f we define Ï, as the value to which J, converges in 
the absence of any money shocks or random dis- 
turbances, we can write J, = a+ Br in this case. If in the 
specified regression equation, a is the constant, b the 
coefficient of time, and c the coefficient of 7_,, it can 
be shown that the long-run values are found as 8 = b/ 
(i-e) and a=(a/(i-c))— (bc/(1— ¢)?). The be/ 
a-c)? adjustment i in computing a arises because nor- 
mal growth in 7 is conventionally included in‘ the 


constant term instead of appearing explicitly in the 
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TABLE 5— DETERMINANTS OF T 








Constant 0.0340 
(0.0072) 
Time 0.00004 
(0.00009) 
Te; : 0.9086 
(0.0190) 
M: M(-1) — 0.4129 
i . (0.1583) 
M(-2) — 0.3672 
(0.1577) 

M(—3) — 0.3467 
(0.1563) 

M(-4) ~ 0.4125 
(0.1559) 

M(—-5) — 0.5682 
(0.1591) 

M(-6) —0.4715 
(0.1605) 

M(-7) ~ 0.3466 
(0.1622) 

M(-8) ~0.2325 
(0.1657) 

M(-9) ~ 0.3219 
(0.1655) 

M(—10) ` — 0.0832 
. (0.1664), 
M(-11) “01791 

; (0.1686) 

M(-12) — 0.2422 

l i an (0.1695) 

Sum of DL Coefficients on M: ~ 3.985 

R? a; 0.950 

S.E.E. 0,012 

Durbin’s A ‘— 1,569 


Note: Standard errors are shown in parentheses. Period 
of estimation is 1954:8 through 1983:12. 


distributed lag on M indicates that positive 


money shocks significantly decrease invento- 
ries from the first through seventh month. 
The gradual build up of production rela- 
tive to final sales is consistent with shock- 
absorber money demand and costs of chang- 
ing producnon levels. 


partial-adjustment mechanism. (Were it included 
there, we would have a partial-adjustment term like 
(l—e)(T,— B —1,_,). Our estimates imply «= 0.3682 
and 8 = 0.0004. 

“On the shock-absorber approach to money de- 
mand, see Darby (1972) and Jack Carr and Darby 
(1981). 
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IV. Conclusions 


This paper has demonstrated that the frac- 
tion ọ of the labor force becoming unem- 
ployed in a month and the probability 7 of 
leaving unemployment over a month are use- 
ful constructs for understanding how the un- 
employment rate fluctuates around its nor- 
mal level. Furthermore, these variables have 
empirical counterparts which we can readily 
calculate from the aggregate data on num- 
bers and duration of unemployment. 

In addition, we have shown that signifi- 
cant heterogeneity across individuals in 7 
implies a much slower convergence of u to- 
ward i than would be hypothesized from 
current or normal values of 7. We demon- 
strate that this heterogeneity is quite sub- 
stantial in the aggregate data. 

The hypotheses supported by our initial 
exploration of these new data can be sum- 
marized by means of Figure 6. In this figure 
we distinguish between two groups: the first 
is characterized by high values of @, and 7, 
compared to the second group. Money shocks 
do not directly affect the proximate contem- 
poraneous determinants (#, and $,) of each 
group’s cyclical unemployment rate &,, but 
do so indirectly through cyclical inventories 
I. A restrictive monetary policy causes Î to 
gradually build up. High Î values may de- 
press the f, directly, but their main effect 
seems to be on the cyclical search rates $; 
and ¢$,. High values of the ; (and perhaps 
negative #,) build up ĉ&, and especially a, 
for a period of some months. Then as the 
effect of the money shock on inventories. is 
attentuated, u, quickly returns to normal (2, 
goes to 0). But the low-turnover group is 
characterized by a very low normal prob- 
ability 7, and this value governs the speed 
of adjustment of #, (and eventually i) to- 
ward 0. 

Indeed, it appears that in normal times the 
bulk of unemployment is comprised of group 
1 individuals. Major recessions have the effect 
of disemploying very large numbers of group 
2 individuals who otherwise have nearly per- 
manent jobs. Their lengthy process of search 
for a new permanent job appears to dominate 
the recovery period and explain substantial 
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FIGURE 6. DETERMINATION OF GROUP AND 
AGGREGATE VALUES OF 4, 77, u 


persistence in unemployment. It is not that 
any individual is taking unusually long to 
find a job; it is simply unusual to have so 
many slow searchers unemployed at once. 

To return to Figure 6, we note that given 
exogenous labor force shares and growth 
rates, we can infer the aggregate values of 9, 
ĝ, and ĉ& from the corresponding values for 
each group. At present, we are constrained to 
work with these aggregate data and infer 
compositional effects through proxies and 
other indirect evidence. Our first task for 
future research will be to develop new mea- 
sures and evidence to permit us to observe 
more directly the nature of labor force het- 
erogeneity and its influence on unemploy- 
ment rate dynamics. 

For now we conclude that the observed 
persistence in unemployment appears to be 
consistent with equilibrium models and ra- 
tional expectations since we are unable to 
detect any effect of lagged—or even current 
—money shocks on 7. Inventories appear to 
be the key channel transmitting the effects of 
money shocks to the proximate determinants 
of unemployment. 
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APPENDIX 


A. Calendar Bias in Measured m 
Due to Survey Timing 


The potential calendar bias in 7 is associ- 
ated with our estimate of s_,, which is sup- 
posed to be the number unemployed exactly 
one standard month ago (4.35 weeks). How- 


ever, in months in which there are 4(5) weeks ~ 


between surveys, our estimates of s_, is 
actually the number unemployed 4(5) weeks 
ago. Denote u_,, u*,, and u°, as the unem- 
ployment rate 4.35, 4, and 5 weeks ago, 
respectively, and 7* and 7° as our estimates 
of w+ for 4-week and 5-week intervals be- 
tween surveys, respectively. Then, neglecting 
any growth in the labor force within a week 
the calendar bias is given by 


m- n*= (1—m)((u_y/u4,)-1), 
or w—w=(1—7)((u_,/u5,)-1). 


Note first that there is no calendar bias in 
the stationary state. Moreover, if, as we be- 
lieve is generally the case, (1— ~) is ap- 
proximately 0.5 and either ((u_,/uz)—1) or 
((u_,/u>,)—1) is less than 0.04 in absolute 
value, then we can conclude that the calen- 
dar bias is negligible in magnitude.” 


B. Calculations of Heterogeneity Statistics 


We measure heterogeneity across individ- 
ual v, values by A, the amount by which the 
unemployment duration d, of those cur- 
rently unemployed since last month, exceeds 
one month plus the average unemployment 
duration of all persons last month (d_,). 
This 4, which is 0 if all v, values are equal, 
has a statistical interpretation in terms of the 
covariance between duration and changes in 
shares by duration which can be useful for 


SAn increase of 1 percent (.01) per day translates 
into a 30 percent increase in the unemployment rate 
over a month. This would be 1.5 percentage points on a 
base of 5 percentage points. 
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certain problems.“ However, we need not be 
concerned with that interpretation to under- 
stand the derivation of Table 2 in the text. 

The table is derived by considering the 
steady-state solution to the two-group het- 
erogeneity model of Section I, Part B. De- 
fine 6, and ĝ, to be the continuous time 
equivalents of 7, and 7,, respectively. Hence 
6, = —log(1—7,) and 6, = —log(1— %,). 
Given 6, and @, we can write 7 as . 


__ (Ash m/0)+ (7/0) 
Ka JLI 


which in turn allows us to write (f/ fa) as 
(A2) (A/h)=(8,/8)(% — #)/(#— %)] 


Hence, (A2) defines the steady-state ratio 
of inflows /,/f, that is consistent with 
given values of 7, T2, and 7. 

Define d and d° to be the steady-state 
average duration of group 1 and 2, respec- 
tively. Then d'=1/6, and d? =1/6,. Also, 
since all individuals within each group 
are assumed to be homogeneous, then d} = 
d'+1 and d?=d*+1. Define g' as the 
steady-state share of unemployed from group 
1. Then, 


: (A/h)/® 
T =- E A, 
= Ch/f:)/9, +178, 


and g? =1-— 4". This allows us to write d as 
(A4) d=o'd!+ 07d? 


_ (Af) + (0/6) 
(Ai/f:)/8; +1/8, 


“Indeed, it can be shown that h=d,-d_,~-1= 
mcov(d; _,,40;), where d; _, refers to one of the m 
durations observed last month and Ao, refers to (a) the 
ratio of people with duration d; +1 this month to 
total people with duration of one month or over, minus 
(b) the ratio of number unemployed last month with 
duration d; _, to the total unemployed last month. 
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Given (A2) and the definitions of 8, and @,, 
(A4) allows us to compute the steady-state 
value of d associated with any combination 
of T, 7, and 7. 

In a similar fashion we can define g} and 
g? as the share of last period’s unemployed 
from groups 1 and 2, respectively. This, in 
turn, allows us to write d, as 


(A5) d, = aid! + aa? 
= ([0 +50- a A/AAG) 
+ [a + 6,)(1- ,)/(0) |} 


/{[Q- m)(A/A)/4] 
+ [Qa ne T,)/0,| }. 


Since h=d,—d~—1, using (A2), (A4), and 
(A5), we can calculate (f,/f,) and h for any 
given combination of 7, 7, and 7. In Table 
2 we use the estimated value of 7 = 0.45674 
and (f,/f,) and k are calculated in this 
manner for the values of 7, and 7, as given. 
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Labor and Output Over the Business Cycle: 
Some Direct Evidence 


By JON A. FAY AND JAMES L. MEDOFF* 


The short-run relationship between labor 
and output, often described in terms of 
short-run movements in labor productivity, 
is at the center of much of economic analy- 
sis. At the macroeconomic level, this rela- 
tionship is a fundamental element in the 
aggregate supply function of an economy.’ 
At the microeconomic level, it is an im- 
portant element in the analysis of production 
and cost. 

Empirical research on the short-run labor- 
output relationship has generally yielded 
estimates of the short-run elasticity of labor 
with respect to output that are lower than 
expected. Several hypotheses can explain this 
puzzling result. First, the technologically 
possible amount of labor adjustment may be 
smaller than suggested by the standard the- 
ory of production. Second, labor may be 
assigned during downturns to work other 
than regular production and operations tasks. 
Third, firms may hoard labor. And fourth, 
the estimated elasticities may be biased 
downward. The primary controversy in the 
literature has centered on whether firms 
hoard labor or whether the other explana- 
tions account for the observed cyclical move- 
ment in labor productivity. 


*Harvard University, Littauer Center, Cambridge 
MA 02138, and the National Bureau of Economic Re- 
search. We are grateful to Andrew Abel, Olivier 
Blanchard, Charles Brown, Benjamin Friedman, Robert 
Solow, and participants in the Labor and Macroeco- 
nomics seminars at Harvard for helpful suggestions 
concerning an earlier draft. David Belluck, Nicole Garris, 
Elizabeth Howe, Martin Van Denburgh, and especially 
Cliff Frazier provided valuable assistance with the re- 
search. Funding for this project was provided by a 
National Science Foundation grant to the National 
Bureau of Economic Research (no. SES 82-08-539) and 
by the Harvard Graduate School of Business Adminis- 
tration. 

1For a good explanation of how labor hoarding affects 
the aggregate supply function, see Rudiger Dornbusch 
and Stanley Fischer (1981, ch. 11). 
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To date, the direct evidence that is re- 
quired to measure the empirical importance 
of the alternative hypotheses has not been 
available. This paper attempts to provide the 
necessary evidence. Section I analyzes the 
various hypotheses that can explain the puz- 
zling empirical relationship between labor 
and output. The next section shows what 
information is necessary to evaluate the em- 
pirical importance of these hypotheses. In 
particular, it shows what data are needed to 
measure hoarded labor. Section III discusses 
the instrument that we developed to gather 
this information. The fourth section presents 
a detailed empirical analysis of the short-run 
relationship between output and labor in 168 
plants in the U.S. manufacturing sector dur- 
ing recent downturns. The results of this 
analysis may be summarized as follows. Dur- 
ing its most recent trough quarter, the typical 
plant that had a downturn paid for about 8 
percent more blue-collar labor hours than 
were technologically necessary to meet that 
quarter’s regular production and operations 
requirements. About half of this labor could 
be justified by the value of other work (such 
as additional maintenance, cleaning, train- 
ing, and so on) that was completed during 
the trough quarter. Thus, after considering 
the value of any other work done by labor in 
excess of regular production requirements, 
about 4 percent of the labor paid for by the 
typical plant during its trough quarter should 
be classified as hoarded. 


I. The Puzzle and Possible Solutions 


Until 1960, economists generally adopted 
the assumptions that the technical produc- 
tion function exhibits decreasing average 
product of labor in the short run and that 
labor is freely variable. Taken together, these 
two assumptions imply that the observed 
short-run elasticity of labor with respect to 
output should be greater than unity, so that 
labor productivity should rise during down- 
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turns and fall during upturns. In 1960, Thor 
Hultgren tested these beliefs by examining 
the cyclical movements of output and labor 
for a large number of industries in the U.S. 
manufacturing sector. Contrary to expecta- 
tion, he found “a strong tendency toward an 
inverse relation between hours per unit and 
total output” (p. 8). In 1962, using data for 
the U.S. economy as a whole, Arthur Okun 
also obtained results that were inconsistent 
with the “a priori arguments...that de- 
pressed levels of activity will stimulate pro- 
ductivity” (p. 103). 

In 1964, Robert Solow stressed the impor- 
tance to economic theory of understanding 
this puzzle of apparently increasing short-run 
returns to labor. In subsequent years, a sub- 
stantial literature on the short-run relation- 
ship between labor and output developed.” 
In this literature, the phrases “short-run pro- 
ductivity puzzle” and “paradox of short-run 
increasing returns to labor” were coined to 
refer to the clash between a priori beliefs and 
empirical results. Researchers have sought to 
resolve this contradiction either by modify- 
ing the prior beliefs or by indicting the 
econometric findings. 

Economists who have chosen the former 
alternative have questioned several key as- 
sumptions. First, some researchers have noted 
that the productivity puzzle could be solved 
by revising the traditional assumption that 
the technology of production is characterized 
by decreasing average product of labor in the 
short run. Several authors have suggested 
that the underlying technology may exhibit 
increasing average product of labor in the 
short run.? Many others have stopped short 
of accepting the hypothesis of increasing re- 


2 For a good review of the literature through 1968, see 
Ray Fair (1969, ch. 2). A good review of the empirical 
work through 1976 can be found in Daniel Hamermesh 
(1976). : 

3See, for example, Okun (1962, p. 104), Frank Brech- 
ling and Peter O’Brien (1967, p. 287), and N. J. Ireland 
et al. (1973, p. 23). Researchers have offered a number 
of reasons why the technical production function might 
exhibit an increasing average product of labor in the 
short run. For example, some have argued that the 
short-run production function is characterized by con- 
stant proportions and that there are increasing returns 
to scale for various reasons. Others have argued that 
some portion of labor is set-up labor. 
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turns to labor, but have suggested that the 
assumed value of the technologically possible 
short-run elasticity of labor with respect to 
output should be revised downward to unity.‘ 

A second solution to the short-run produc- 
tivity puzzle involves examining the produc- 
tion process and the different types of work 
that are part of that process. Some of the 
tasks in the production process support pro- 
duction but do -not contribute directly to 
output in the period during which they are 
performed.° Such tasks might include routine 
maintenance of equipment, overhauling ma- 
chinery, cleaning, painting, training, and so 
on. The amount of this type of work that is 
performed need not be linked closely to the 
level of output on a period-by-period basis. 
Therefore, firms can postpone some of these 
tasks during periods when output is high.® 
For these firms, the amount of labor that is 
needed during a downturn is greater than the 
amount that would be needed if the lower 
level of output were permanent since ad- 
ditional labor is needed to perform the post- 
poned work.’ In this case, even if the static 
production function exhibits decreasing aver- 
age product of labor and labor is freely 
variable, the percentage change in labor 
might not be as great as the percentage 
change in output during downturns.® 


4See, for example, the comments by Solow on pp. 
732-33 of Christopher Sims’ 1974 paper. A good analy- 
sis of the attempts to reconcile the model of production 
with the observed labor-output relationship was pre- 
sented by Robert Lucas (1970). His alternative hypothe- 
sis was later qualified by Thomas Sargent and Neil 
Wallace (1974). 

5OQutput refers to final output or to inventories of 
work in process. 

6A discussion of why firms might schedule the perfor- 
mance of nonproduction or support work in this way, 
even if labor is freely variable, can be found in our 
working paper version of this article (1985). (We will 
refer to that longer version of this article a number of 
times for more detailed analysis of issues that we chose 
not to discuss at length in this article.) 

Alternatively, the additional labor may perform in 
advance the work that will not be performed during the 
next peak period. Also, when we refer to a permanent 
level of output we mean permanent ceteris paribus (i.e., 
with the capital stock and technology fixed). 

SWe use the phrase “static production function” to 
describe the function that shows the minimal amount of 
labor needed to produce a given level of output, assum- 
ing that the firm is doing the amount of maintenance, 
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A third hypothesis, known as the labor 
hoarding hypothesis, rejects the assumption 
that labor is a freely variable factor. Accord- 
ing to. this hypothesis, if an estimate of the 
actual labor-output elasticity is less than the 
assumed technically possible elasticity, the 
difference reflects the existence of hoarded 
labor. In practice, an estimated elasticity of 
labor with respect to output that is less than 
one, which is the lowest value consistent with 
the assumption of nonincreasing returns to 
labor, has been treated as prima facie evi- 
dence of labor hoarding. This labor hoarding 
usually has been described in terms of “less 
intense effort from employees during down- 
turns” (Martin Baily, 1978a, p. 23).? 

Overall, the labor hoarding hypothesis has 
been very popular. Proponents of this hy- 
pothesis have offered a number of reasons 
why firms might hoard labor. These reasons 
were succinctly summarized very: early in the 
literature by Okun (1962). He noted that 
labor hoarding might be optimal, reflecting 
such factors as contractual commitments that 
limit adjustment of labor, the transactions 
costs of adjustment, the value of holding an 
inventory of certain skills that may be needed 
quickly during an upturn, and the adverse 
effects of labor adjustment on morale. Subse- 
quent research has elaborated considerably 


training, and so on that would be optimal if the given 
level of output were permanent. The “dynamic produc- 
tion function,” on the other hand, shows the minimal 
amount of labor needed to produce a given level of 
output assuming that postponable work is not tied to 
the current level of output but is instead scheduled 
optimally over time as output fluctuates. If firms sched- 
ule postponable work countercyclically, as described in 
the text, then the dynamic production function will lie 
above the static production function for high (relative to 
normal) levels of output and below it for low levels of 
output. For more discussion, see our working paper. 
For other discussions of labor hoarding in terms of 
intensity of labor effort see Robert Hall (1980, pp. 
94-96); Dornbusch and Fischer (p. 371); Brechling 
(1965); S. L. Bhatia (1979); and Robert Costrell (1979). 
Other authors have described hoarded labor as redun- 
dant labor but have not explicitly specified decreased 
effort as the mechanism by which the number of hours 
actually worked is reduced to less than the number of 
hours paid for. See, for example, Douglas Greer and 
Stephen Rhoades (1977, p. 299); Okun (1981, p. 105); 
Fair (1969, ch. 3, especially pp. 37-40); Julius Chang 
(1983); and R. J. Ball and E. B. A. St. Cyr (1966). 
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on several of these possible explanations.!° 
On the other hand, labor hoarding could be 
the result of satisficing rather than optimiz- 
ing behavior; or hoarding might result be- 
cause managers’ objective functions are not 
the same as those of their firms’ owners. 

The second major line of attack on the 
short-run productivity puzzle has focused not 
on the assumptions regarding the production 
process, but rather on the validity of. the 
estimates of the actual short-run elasticity of 
labor with respect to output. The earliest 
estimates of this elasticity were significantly 
and substantially less than one. Several 
researchers felt, as Christopher Sims stated, 
that “some of the apparent SRIRL [short-run 


- increasing returns to labor] reported in previ- 


ous studies reflect[ed] statistical bias in 
estimating the labor-output relation” (p. 695), 
and they concentrated on deriving better 
estimates. Eventually, some researchers did 
derive estimates of the actual elasticity of 
labor with respect to output that were not 
significantly different from unity for some 
data sets." : 

The researchers who have chosen the alter- 
native of attacking the empirical evidence of 
short-run increasing returns to labor have 
given us increasingly precise estimates of the 


10For example, see Costas Azariadis (1975) for a 
discussion of implicit contractual commitments. The 
potential costs of adjusting the skilled portion of the 
work force have been described by Walter Oi (1962) and 
others. Roger Miller (1971) suggested that transactions 
costs and skill requirements make it difficult to increase 
a firm’s labor force rapidly as the firm comes out of a 
cyclical trough; therefore, a firm may want to hold a 
reserve of standby labor during downturns for the stra- 
tegic goal of being able to expand supply rapidly when 
demand increases. The morale cost of labor adjustment 
has been mentioned often, but does not seem to have 
been the subject of much detailed analysis. Recently, the 
role of expectations of future output levels has attracted 
much attention. See, for example: Baily (1978b and the 
comments following by Benjamin Friedman, pp. 52-57); 
Dornbusch and Fischer (ch. 11); and Sims (pp. 698-700). 

For example, Sims estimated an almost propor- 
tional eventual response of man-hours of production 
workers to output in the aggregate durables secior, the 
nondurables sector, and the apparel industry. His paper 
offers a good analysis of the econometric issues that are 
involved. And John Tatom (1980) claimed to have found 
evidence of diminishing returns to labor in the aggregate 
U.S. private business sector. 
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actual elasticity of labor with respect to out- 
put. However, their efforts also point out the 
fundamental shortcoming of the empirical 
research to date on short-run productivity 
movements: data on the observed respon- 
siveness of labor to output do not contain 
the detailed information that is necessary to 
directly evaluate the alternative explanations 
of that responsiveness. Estimates of the 
labor-output elasticity that were less than 
unity may have prompted the formulation of 
the hypotheses regarding technology, other 
work, and hoarding, but new estimates that 
are equal to or greater than unity do not 
constitute sufficient evidence to dismiss these 
hypotheses. We still do not know whether 
firms hold labor in excess of regular produc- 
tion requirements, nor do we know whether 
firms hoard labor. In short, there are a num- 
ber of hypotheses that can explain the 
observed short-run relationship between 
labor and output, but in order to measure 
the empirical importance of these hypothe- 
ses, we must gather additional data. 


II. The Necessary Data 


Consider a firm that has experienced a 
cyclical decline in real shipments from Sy 
(the normal level, based on.long-term trend 
and seasonal factors) to the trough level S$, 
(the level that is furthest below normal). 
Suppose that in response to this decline in 
shipments, the firm decreases its output from 
Q y (the normal level) to Q7 (the level during 


the same period as the shipments trough). | 


When output is cut to Q,, the firm reduces 
the amount of labor it is paying for from Ly 
(the normal level of labor input) to Ly (the 
amount of labor paid for during the trough 
period). Generally speaking, this is the 
information that is publicly available. How- 
ever, to measure the importance of the hy- 
potheses that were presented in the previous 
section, we need more data. This section 
describes in detail the necessary data. 


We will focus on the adjustment of labor given the 
level of output. We will not deal explicitly with the 
question of why the firm adjusts its output and invento- 
ries in response to a cyclical decline in shipments. 
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We begin by noting that Ly can be sep- 
arated into two parts, Lp and Ly. The term 
Lpg represents the labor that is assigned to 
the direct. production tasks that are required 
to produce Q, and to the indirect tasks that 
would be required to support production if 
Qr were the permanent level of output. Lo 
represents the labor that is assigned to all 
tasks that would not optimally be scheduled 
if Qr were permanent. Thus, Lo might in- 
clude postponable work, as described in Sec- 
tion I, and it might also include cyclical 
make-work. Hereafter, we will refer to Lp as 
the labor that is assigned to regular produc- 
tion work and Lọ as the labor that is as- 
signed to other work. By definition, Ly = 
Lrt+ Lo. 

Next, we can analytically separate both 
Lp and Loy into a worthwhile component 
and a hoarded component. Consider first the 
labor that is assigned to regular production 
work, Lp. Let Le represent the minimal 
amount of labor that is technologically 
needed to perform the regular production 
work, assuming that labor effort stayed at its 
normal level if technologically possible.'* If 
Lp> Lo, then more labor is assigned to reg- 
ular production work than is technologically 
necessary. If we let Lyp;=Lp—Le, then 
Li represents the hoarded component of 
the labor that is assigned to regular produc- 
tion work. 

The component Lyg might manifest itself 
as decreased effort on regular production 
assignments.’ Alternatively, suppose that a 
firm wants to protect its most skilled or most 


13 The abbreviated descriptions of Lz and Lo will be 
used for convenience. Bear in mind, however, that Lp 
includes the labor doing the indirect support tasks that 
would be optimally scheduled if Q, were permanent. 

Thus, Lo represents the minimal amount of labor 
that is technologically necessary to produce Qr and to 
perform the support work that would be optimal if Q7 
were permanent. 

Decreased effort could take many forms. Em- 
ployees could work the number of hours they are paid 
for, but work less intensely than normal. Or, they could 
work with normal intensity while working, but work 
fewer hours than they are paid for. Also, the decreased 
effort might be enjoyed by all employees or by just a 
few. Not all forms will be readily apparent to an outside 
observer. 
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senior employees by allocating the required 
production work to these employees and 
concentrating the layoffs and hours cuts 
among other workers. The workers who are 
retained -may be less efficient in the short 
term, even if their effort remains normal, 
because they are performing jobs that they 
are not used to doing. In this case, the firm 
pays for more regular production labor than 
is technologically necessary (Lyg > 0), even 
_ if effort remains normal.!¢ 

The labor Lọ can similarly be separated 
analytically into a worthwhile component and 
a hoarded component. Let Ly, represent the 
greatest amount of labor that could be as- 
signed to other work, subject to the con- 
straint that the marginal revenue product of 
this labor must be greater than or equal to 
the wage rate, and assuming that effort stays 
at its normal level. Roughly speaking, Ly 
is the minimal amount of labor needed to 
perform the worthwhile other work. If we let 
Lyo=Lo—Ly, then Lyo represents the 
hoarded component of the labor that is per- 
forming other work. 

The component Lyo can take many forms. 
More labor may be assigned to other work 
than is techriically necessary given the 
amount of other work that is being accom- 
plished. Alternatively, some of the other work 
may be make-work that is inherently of little 
value, regardless of how hard or efficiently 
employees work at it. 

With the information described above, we 
can measure the amount of labor that is paid 
for in excess of regular production require- 
ments. Lg = L,— Lo measures the amount 
of labor that the firm is paying for in excess 
of the amount technologically necessary to 
perform the régular production and oper- 
ations tasks needed to produce Q,. 

We can also measure the amount of 
hoarded labor. To do this, we must subtract 
the amount of labor accounted for by 
worthwhile other work from the amount of 
labor in excess of regular production require- 


16Note also that this hoarded labor would not con- 
stitute a reserve of labor that could be used to increase 
-output without increasing payroll costs during a subse- 
quent upturn. 
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ments. Thus, Ly = Lr — Le— Ly, where Ly 
stands for the total amount of hoarded labor. 
Alternatively, we can measure labor hoard- 
ing in a manner that emphasizes that hoard- 
ing can occur both on regular production 
assignments and also on other ‘assignments. 
Specifically, we can measure hoarded labor 
as (Lp - Le)+(Lo - Ly) = Lut Luo = 
Ly. Measuring Lyg and Lyo separately gives 
us information on how firms hoard labor, as 
well as on how much they hoard. A more 
detailed description of the ways in which 
labor is hoarded would require additional 
information, such as data on effort. 


Hil. Gathering the Data 


- To gather the necessary data, we surveyed 
plant managers regarding their most recent 
completed cyclical downturns.!”!85 The first 
section of the questionnaire began with 
several definitions, including the following: 


BUSINESS DOWNTURN: A period when the 
real shipments of your products have de- 
clined to below normal levels. That is, a 
cyclical business downturn is when real ship- 
ments have fallen below what you could 
normally expect on thé basis of regular sea- 
sonal factors and long-term (10-20 year) 
trends. 


TROUGH: The quarter of the downturn when 
real shipments were furthest below normal. 


_ The first questions in the section asked when 


the various points in the cycle (peak, normal, 
trough, and return to normal) occurred. The 
next questions asked by what percentage real 
shipments and production were below nor- 
mal during the trough quarter; these ques- 
tions provide data on (Sy— Sr)/Sy and 


17A copy of the questionnaire that is described in this 
section is available from the authors. 

18Bach respondent was asked to describe the most 
recent completed downturn unless an ongoing downturn 
was the only one that he or she had experienced at his or 
her current plant. Thirty-two percent of the respondents 
answered for an ongoing downturn; they were in- 
structed to consider the quarter in which they answered 
the questionnaire to be the trough quarter. 
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(On — Qr)/Qy. (All of the survey data were 
gathered in percentage form.) 

` The second section gathered information 
about labor adjustment.) To measure the 
actual amount of labor adjustment we asked: 


By what percentage was the total number of 


blue-collar hours paid for actually below ` 
normal during the trough quarter (when real 


shipments were furthest below normal)? 
percent below normal at the trough. 


We interpret the answer to this question as a 
measure of (Ly—Ly)/Ly. . 

The inquiry regarding the technologically 
possible adjustment began with the following 
definition: 


MAXIMUM REDUCTION TECHNICALLY POSSI- 
BLE: The next question asks how much the 
total number of blue-collar hours paid for 
could have been reduced if the only consider- 
ation had been the technical requirements of 
your plant’s production process. In other 
words, it asks what the maximum possible 
reduction in total blue-collar hours could 
have been if your plant had produced the 
same level of output as it did during the 
downturn and: 

—such concerns as employee morale, 
union contract restrictions, company image, 
the possibility that skilled workers would not 
return from layoff, the protection of senior 
workers, uncertainty about future demand, 
and so on were not considered; 

—necessary (but not additional) main- 
tenance and training were continued; 

—blue-collar employees had worked at 
the same level of effort as in normal times. 


19We will use the questions about labor adjustment 
to measure the variables described in Section II. As with 
all empirical research, our interpretations of the answers 
to these questions require a number of assumptions. Our 
purpose in designing a survey specifically to gather 
information on labor adjustment was to minimize the 
number and severity of the assumptions that had to be 
made to measure the relevant variables. We believe that 
the assumptions that must still be made in interpreting 
the survey data are all very reasonable. We have analyzed 
these assumptions at length in our working paper (see 
especially the footnotes to Sections III and IV). 
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The question that followed this definition 
sought information on the technically pos- 
sible amount of labor. adjustment, or 


(Ly — Le)/Ey: 


If blue-collar employment and hours had 
been cut back to the minimum levels tech- 
nically necessary to maintain your plant’s 
actual level of output (and necessary oper- 
ations) during the downturn, by what per- 
centage would the total number of blue-col- 
lar hours paid for have been below normal 
during the trough quarter? 

__percent below normal at the trough if 
we had made the maximum reduction techni- 
cally possible. 


To gather information on the value of any 
other work that was assigned to employees in 
addition to regular production and oper- 
ations tasks, we began by asking what types 
of other work had been assigned: 


During the trough quarter of the downturn, 
what types of work were assigned to your 
blue-collar workers in addition to or instead 
of their normal assignments? What types of 
work were intentionally deferred during nor- 
mal times and assigned during the down- 
turn? Please check all that apply. 

__None (Please skip to the next ques- 
tion) 

__ Maintenance of equipment 

__ Overhaul of equipment 

__ Painting of plant and equipment 

— Cleaning 

__Reworking output which failed in- 
spection 

_— Receiving and/or giving training 

— Other (please specify). 


Next, we asked the manager to quantify how 
much blue-collar labor was assigned to this 
other work. The question that we used to 
measure Lo/Lr was: 


During the trough quarter, approximately 
what percentage of your total blue-collar 
hours was spent on the additional and de- 
ferred assignments mentioned in the previ- 
ous question? 

percent on additional and deferred 
assignments. 
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We also need to know how much of this 
other work was worthwhile and how much 
was. not. Therefore, we asked the: following 
question to gather data on Lyo/ Lo: 


Roughly what percentage of the hours spent 
on additional and deferred assignments dur- 
ing the trough quarter were worth less to 
your company than hours spent by the same 
employees on their regular assignments dur- 
ing a normal quarter? In determining the 
“worth” of an assignment, compare the costs 
of the assignment (including wages as well as 
materials, wear and tear on equipment, etc.) 
to the present and future benefits (revenue 
from reworked items, longer equipment life- 
times, fewer breakdowns, better trained 
workers, etc.). 
percent. 


In order to gather more information on 
how labor is hoarded, we-also asked about 
effort. Specifically, we asked each respondent 


to rate average blue-collar worker effort as- 


much lower than normal, slightly lower than 
normal, the same as normal, slightly greater 
than normal, or much greater than normal 
for each of three points in the business cycle 
(when shipments were just starting to fall 
from their peak level, when they were just 
beginning to fall below normal, and when 
shipments were at their trough level). 

The comments of many managers and ex- 
ecutives guided both the direction and the 
wording of the questions. After the final 
questionnaire was completed, it was pre- 
tested for validity. During pretests, we met 
with managers who had answered the ques- 
tionnaire in order to verify the managers’ 
interpretations of the questions and to verify 
that the managers’ answers accurately re- 
flected their plants’ operating data. 

After the pretests, we surveyed a sample 


of U.S. manufacturing establishments. In . 


August of 1981, we sent the questionnaire to 
498 companies that were chosen randomly 
from the Newsfront list of the largest 2684 
manufacturing enterprises. Our mailing was 
. directed to vice presidents. in charge of 
manufacturing, operations, or human re- 
sources management, or to the company 
‘presidents. These executives were asked to 


SEPTEMBER 1985 


forward the two questionnaires they received 
to two of their plant managers (if they had at 
least two plants), unless the questionnaire 
recipients felt that they should be the respon- 
dents. In April 1982, we-sent a second wave 
of questionnaires directly to 1000 plant 
managers whose establishments had been 
selected randomly from the Marketing Eco- 
nomics Institute listing of manufacturing 
plants with 100 or more employees. In Oc- 
tober of 1982, a followup questionnaire was 
sent to each plant manager in the second 
wave from whom we had received no re- 
sponse. 

A total of 326 questionnaires: were re- 
turned to us. Of these, 41 were returned 
because they were undeliverable, 10 were 
returned by managers whose plants did not 
fit the sample criteria, and 14 were returned 
by managers who declined to participate in 
the survey.”° Of the 261. questionnaires that 
were returned with answers, 15 did not have 
answers to one or more questions and another 
4 were not usable for other reasons.” Of the 
242 properly completed questionnaires, 68 
were from managers who had never wit- 
nessed a downturn at their current plants 
and 6 ‘were from managers whose plants had 


20The questionnaire included the following instruc- 
tions: 

Please answer this survey only if: (1) you are 
employed by a private sector, for-profit firm whose 
principal activity is manufacturing; and (2) you are a 
manager at the plant or division level who is directly 
involved in managing production, operations, and hu- 


. Man resources. 


21 One questionnaire was dropped from the data set 
because the respondent gave answers based on his pre- 
dicted response to an anticipated downturn. Another 
was excluded because the respondent indicated that his 
answers pertained to seasonal fluctuations. A third ob- 
servation was dropped because the respondent ap- 
parently made computational errors. A fourth observa- 
tion was excluded because including it caused the esti- 
mates of the elasticities in Table 4 to be misleading since 
the values for this observation were so far from the 
mean for some variables; see fn. 37 for more discussion. 
Excluding this observation did not qualitatively affect 
the estimates of excess labor or hoarded labor presented 
in Tables 2, 3, or 5. An attempt was made to obtain 
missing information on incomplete questionnaires and 
to investigate all seemingly inconsistent or invalid re- 
sponses. 
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TABLE 1—COMPARISON OF SURVEY SAMPLE TO U.S. MANUFACTURING SECTOR? 





Survey 
Characteristic COM (N= 239) (N=168) 
Percentage of Establishments with 
the Following Characteristics: 
Durables Manufacturer 58 59 58 
More than 20 Employees 32 99 100 
Northeast (COM region definition) 27 24 25 
North Central 26 36 40 
South 27 29 24 
West. 20 10 10 
Percentage of Production Employees 
in Establishments with the : 
Following Characteristics: ; 
Durables Manufacturer 59 61 63 
More than 20 Employees 93 100 100 
Northeast 24 17 16 
North Central 32 48 53 
South 31 28 23 
West 13 7 7 
Percentage of Production Employees - 
Covered by Collective Bargaining Aggreements 61 65° 68 


Percentages may not add properly due to rounding error. 


not cut production. Thus, 168 questionnaires 
were available for analysis. 


We examined the representativeness of the - 


group of respondents in several ways. First, 
we compared the characteristics of the survey 
respondents’ plants to the characteristics of 
U.S. manufacturing establishments as re- 
ported in the 1977 Census of Manufactures 
(COM). This comparison is summarized in 
Table 1.%* The first column of figures shows 
the characteristics of establishments in the 
COM, the second column describes the plants 
of the managers who returned a properly 
completed questionnaire, and the third col- 
umn gives the characteristics of the plants 
that will be analyzed in the next section.” 
Along most dimensions, the survey sample is 
representative of the U.S. manufacturing sec- 


The data on percentage covered by collective 
bargaining for all manufacturing are from Richard Free- 
man and Medoff (1979). 

23 The statistics in the second column are based on 
the data for 239 respondents because 3 of the 242 
questionnaires that contained all.of the data needed for 


the analysis of labor adjustment did not include some. 


item of background data on plant characteristics. 


tor. A notable exception is establishment size: 
the survey sample consists almost entirely of 
plants with more than 20 employees. How- 
ever, as the table shows, larger establish- 
ments account for a very large percentage of 
the employment of production workers in 
the U.S. manufacturing sector. For example, 
Newsfront estimated that the companies on 
its list accounted for more than 90 percent of 
total manufacturing employment: 

Second, we compared the estimates of 
labor in excess of regular production require-. 
ments and of hoarded labor from the first 
survey of plants on the Marketing Econom- 
ics Institute list to the estimates from the 
followup survey to see if the data for initial 
nonrespondents differed significantly from 
those of initial respondents. We also. com- 
pared the estimates for plants from the 
Newsfront sample to the estimates for all 
plants from the Marketing Economics In- 
stitute sample to see if the survey technique 
was important. These tests revealed no sig- 
nificant differences. 

Finally, we compared the survey data on 
actual labor and output changes to the com- 
parable data from previous studies. As re- 
ported in the next section, the survey esti- 
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` mates of the actual (observed) labor-output 
and labor-shipments elasticities are very 
similar to the estimates derived from pub- 
licly available data and reported in earlier 
research. 


IV. The Direct Evidence 


The summary of the survey data begins in 
Table 2. The first column of summary statis- 
tics presents the mean and the standard error 
(SE) of the mean of each variable for all 168 
observations. The second data column pre- 
sents the mean and the SE of the mean of 
each variable for the 78 respondents who did 
not assign any work other than regular pro- 
duction tasks during the trough quarter of 
_ the downturn.”4 The third column of results 

presents the summary statistics for the 90 
respondents who did assign other work dur- 
ing the trough quarter. The following discus- 
sion focuses on the results for all respon- 
dents. 

Rows 1-3 of Table 2 describe the char- 
acteristics .of the respondents’ downturns. It 
took four quarters on average for shipments 
`> to fall from normal to the level furthest 
below normal, and shipments were 30 per- 
cent below normal on average during the 
trough quarter.” The mean decline.in pro- 
duction was 31 percent for the whole sample; 
thus, on average, the establishments.in the 
sample appear to have been drawing down 
inventories very slightly during the trough 
quarter. 

The analysis of the patterns of iabor ad- 
justment begins in row 4. On average, it 
would have been technologically possible to 
_ have reduced the total number of blue-collar 
hours paid for during the trough quarter to 


24 The subsample of respondents who did not assign 
-other work includes those who replied “None”. when 
asked what types of other work they had assigned, and 
those who replied that they assigned zero percent of 
, their labor to other tasks. 
25The length of a downturn was calculated as the 
quarter of the trough minus the quarter in which ship- 
ments fell below normal plus one. See fn. 18 for the 
definition of the trough quarter. If the respondents who 
had never experienced a business downturn are included 
in the sample and assigned a shipments reduction of 
zero, the mean percentage below normal was 21. 
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28 percent below normal, given the level of 
production. The actual reduction in total 
blue-collar hours was 23 percent, on average. 
The difference between the technically possi- 
ble labor reduction and the actual reduction 
measures the amount of labor that was paid 
for in excess of regular production require- 
ments. As shown in row 6, the mean amount 
of labor in excess of the minimum needed 
for regular production tasks equalled about 6 
percent of the amount of labor normally 
paid for. Thus, starting from normal, the 
typical plant could have cut back 6 percent 
more than it did and still have completed the 
regular production work of the trough 
quarter.”° The mean amount of labor in ex- 
cess of regular production needs was signifi- 
cantly greater than zero at the .05 level for 
the entire sample and for both subsamples.”’ 
Thus, the survey data indicate that the typi- 
cal manufacturing establishment does pay 
for a nontrivial amount of blue-collar labor 


-in excess of regular production requirements 


during the trough quarter of a downturn.”® 


26This does not necessarily mean that the typical 
plant, once it had reached the trough quarter, could 
have further reduced its labor input by an amount equal 
to 6 percent of its normal labor input. Even if it is not 
performing other work, labor in excess of ‘regular pro- 
duction requirements does not necessarily ccnstitute a 
reserve of redundant labor. (Also, note that some figures 
may not add properly due to rounding error.) ` 

274 one-tailed test is appropriate in light of the 
post-1960 literature, since the debate in the literature 
has centered on whether labor hoarding occurs. We will 
report in the text the results of significance tests that 
were performed’ with means and standard errors that 
were calculated to several decimal places; readers who 
perform tests using the rounded figures from the tables 
will sometimes obtain slightly different results due to 
rounding error. : 

28-The distribution of this variable for the subsample 
of plants that did not assign other work would appear to 
be very close to a normal distribution centered at about ` 
5 percent, except for a large spike at zero. Because of the 
position of the spike to the left of the mean of an 
otherwise normal distribution, we believe that many 
respondents answered that the technically possible ad- 
justment was equal to the actual adjustment-even though 
there was actually a small difference between the two. 
Thus, in our opinion, the sample mean of 3 percent 
probably underestimates the true population mean. A 
spike does not appear in the distribution for the subsam- 
ple of plants that did assign other work. Accordingly, 
there is only a small spike at zero in the distribution for ` 
the complete sample. 
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Variable 


J) Quarters from | 
Normal to: Trough 

2) Percentage Reduction. 
in Shipments, | `. 

_-3) Percentage Reduction 

in Production 

4 Technically Possible’ 
- Percentage Reduction in 


Total Blue-Collar Hours -: 


., 5)_ Actual Percentage 
Reduction i in Total 
Blie-Collar Hours 

6) Percentage of Normal 
. Labor Hours that” 
Technically Could , 
Have Been Eliminated 
But Were Not 

1) Types of Other Work 
Assigned During’ Trough 
Quarter (Yes =100) - 

No Other Work, 


Maintenance of ‘Equipment 
Overhaul of Equipment _ 


Painting 
Cleaning 
, .Reworking Output _ 
Training 
_ Other . 

8) Percentage of Normal 
Hours Assigned to 
Other Work : 

9) Percentage of Normal 
Hours Assigned to ` 
Worthwhile Other Work 


10) Hoarded Labor as a Percentage 


of Normal Hours . 


11) Hoarded Labor on Regular ` 


Production Work, asa 


. Percentage of Normal Hours 
12) Hoarded Labor on Other 


Work, as a Percentage 
of Normal Hours _ 


> ®§ee Table 1. 
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TABLE 2— SURVEY RESULTS? 


e (Sw S/S 
(Qu = Or)/Qn : 


(Ly = to Ly 


(Ly — Lr)/Ly 


(Lp = Le)/Ly 


ey, 


Lo/Ly 


Ly/Ly 


| ba / En 
Lyx/Ly el 


Lno/ kn 


` >The standard: errors are shown i in parentheses. 
°The algebraic: « definitions in the second column must be multiplied by 100 to obtain the percentage forms of the 


variables. 


s 


- All ` 
Respondents: 
(N =168). 


_ Mean of Variable for” 


Respondents 
` Who Did 
Not Assign 
' Other Work 
(N = 78) 


© 
, 
- 0 
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Respondents 
Who Did `` 
` Assign 
Other Work 
(N = 99) 
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For the establishments that did not assign 
any other work, the labor in excess of regular 
production needs was all hoarded labor. But 
for the other plants we must consider the 
value of the other work that was completed 
during the trough quarter. Row 7 shows the 
percentage of respondents who assigned each 
type of other work.” Row 8 shows that 5 
percent of the typical plant’s normal blue- 
collar labor had been assigned to other work 
by the trough quarter. Row 9 summarizes the 
data concerning what portion of the labor 
that was assigned to other work should be 
considered worthwhile; specifically, the vari- 
able described in that row measures Ly, as a 
percentage of the normal labor input. As 
shown in row 9, the mean of this variable 
was 3 percent. Thus, of the 5 percent of the 
labor that was assigned to other work, on 
average, 3 percentage points could be justified 
by the value of the other work. 

The amount of labor that can be accounted 
for by the value of other work must be 
subtracted from the amount of labor that 
was held in excess of regular production 
requirements in order to arrive at a measure 
of hoarded labor. This calculation was per- 
formed for each plant, and the results are 
summarized in row 10, which shows the 
amount of blue-collar labor that was hoarded. 
As shown in that row, the average plant 
hoarded an amount of labor equal to 3 per- 
cent of its normal labor input. The mean 
amount of hoarded labor was significantly 
greater than zero at the .05 level for the 
complete sample. It was also significantly 
greater than zero at the .05 level for the first 
subsample. For the second subsample, the 
mean amount of hoarded labor barely 
missed being significantly greater than zero 
at the .05 level (it was significantly greater 
than zero at the .0509 level). In over half of 
all plants, the amount of hoarded labor was 
between 0 and 8 percent of the amount of 
labor normally paid for. 


29The “Other” types of other work that were as- 
signed by 11 percent of all plants included: “new prod- 
uct development,” “new methods,” “manufacturing 
merchandising aids,” and other “discretionary” and 
“less profitable work [that] needed to be done.” 
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The last two rows of Table 2 summarize 
the survey evidence regarding the forms in 
which labor hoarding occurs. As shown in 
row 11, the amount of hoarded labor on 
regular production assignments was equal to 
1 percent of the amount of labor normally 
paid for, on average. The amount of hoarded 
labor doing other work equalled 2 percent of 
the normal amount of labor input, on aver- 
age, as shown in the final row of the table. 

Additional understanding of the ways in 
which labor is hoarded can be gained from 
the survey data regarding effort. Because the 
measure of effort is crude, the evidence re- 
garding effort must be viewed as only sugges- 
tive. Bearing this in mind, the evidence does 
not suggest that hoarding predominantly 
takes the form of decreased effort.” Thus, 
mechanisms other than decreased effort ap- . 
pear to be important in turning paid-for 
hours into hoarded hours. 

Thus far, the discussion of Table 2 has 
focused on the results for the complete sam- 
ple. It is also intéresting to note the dif- 
ferences between the plants that assigned 
other work and those that did not, even 
though these differences are generally not 
statistically significant due to the smaller sizes 
of the subsamples. The plants that did assign 
other work held more labor in excess of 
regular production requirements. However, 
once the value of the other work is.accounted 
for, the amount of hoarding in the two sub- 


30The evidence regarding the relationship between 
hoarding and change in effort is summarized in the 
following tabulation. The numbers indicate the number 
of questionnaires that fell in each cell. The three cate- 
gories of.change in effort refer to the change in effort 
from normal to trough. The four columns correspond to 
plants in which there was: hoarded labor on regular 
production assignments only; hoarded labor on other 
assignments only; hoarded labor on regular and on 
other assignments; and no hoarded labor. By comparing 
the pattern of effort change across different columns, we 
can see very roughly whether each type of hoarding is 
generally accompanied by a decrease in effort. The 
percentages sum to 100 (plus or minus rounding error) . 
within columns. 


Lyr> 9 
Lyr?” Lyo> 0 Lyo> No Hoarding- 
Increase 10(22%) 12(41%) 12(30%) — 23(43%) 
No Change 20(44%) 13(45%) 120%) 17(31%) 
Decrease 15(33%) 4(14%) 16(40%) 14(26%) 


VOL. 75 NO. 4 


FAY AND MEDOFF: LABOR AND OUTPUT 


649 


‘TABLE 3— DECOMPOSITION OF LABOR Hours PAID FOR 
DURING THE TROUGH QUARTER? 


Mean of Variable for? 
Respondents Respondents 
Who Did Who Did 
All Not Assign ` Assign 
Respondents Other Work Other Work 
Variable (N =165) -(N=T) (N = 88) 
Hours ‘Paid for 100 - 100°: .. 100. 
at Trough (L7) ' ON O. © 
of Which: : 
Hours Spent on Regular 94 100 : 89 
Production Work (Lz), (1) (0) Aji 
` of Which: 3 one i 
Hours Technically ; 4s s ; 
Necessary for Regular 92 9 89. 
Production Work (Lc) (€) D > ‘ -(2) 
Hoarded Hours on es Lo 
Regular Production 2 “4 ; . 0. 
Work (Lip) a) (2) © O 
Hours Spent on : ee, 
Other Work (Lo), 6 0 . oo 11. 
of Which: ql) - (0) Shag (1) 
Worthwhile Hours 3 “Qe xg - 6. 
on Other Work (Ly) (0) (0) (1) 
Hoarded Hours on 2 0 ea 
Other Work (Lyo) (1) (0) -n (1). 
Hours in Excess of ` ; 
Regular Production 8 4 >: 11 
Requirements (Lr — Le) — 8) (2) © O 
‘Total Hoarded Hours ,. -> =4 a rs 5 
(Ly = Lyr + Lpo) (1) Qo" (2) 





all variables are measured as a percentage of ‘the total. number of blue-collar hours 
paid for during the trough quarter (Ly). Percentages may not add properly due’ to 


rounding error. 
>Sée Table 2." 


Bade 


samples is the same. Among the establish- 
ments that did not assign other work, all of 
the labor hoarding, occurred on regular pro-. 
duction assignments, by definition; among 
the establishments that did assign € other work, 
the pattern is nearly the opposite.*! 

Overall, the survey data indicate. that the 
typical U.S. manufacturing plant does hoard 
blue-collar labor during the trough quar- 
ter of a downturn. The data also indicate. 
that hoarding is a complex. phenomenon— 


31 The decomposition of hoarded labor into Lyg and 
Luo is subject to a number of errors that were discussed 
in our working paper. Additional information might 
lead to a slight modification of the decomposition. How- 
ever, none of these errors affects the estimates of the 
total amount of hoarded labor, Ly. : 


hoarded labor takes a number of the differ- 
ent forms that were discussed in Section II. 
Table 2 begar with the amount of blie- 
collar labor that was-normally paid for and 
showed what ‘had happened to that labor by 
the trough quarter of the downturn; it showed 
how much labor was eliminated, how much 
was reassigned to other work, and so on. In 
Table 3, we begin with the total amount of 
blue-collar labor that was paid for during the 
trough quarter as the base, and then ‘provide 


: a completé and explicit decomposition of the 


labor paid for during the trough quarter.” 


Since the atsablid in Table 3 are all denominated 
by Lr, the 3 plants that reduced their blue-collar labor 
to zero could not be included in this analysis. Therefore, 
the samples in Table.3 differ. from the samples in. Tables 
2,4, and5. -° 
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TABLE 4— ARC ELASTICITIES OF LABOR WITH RESPECT TO.OUTPUT* 
Mean of variable for? 
Respondents Respondents 
Who Did Who Did ` 
All Not Assign Assign 
i Respondents Other Work Other Work 
Variable (N =168). (N=78) -< (N=90) 
1) Actual Elasticity of `- : 
Total Blue-Collar Hours " 82 86 78 
with Respect to Output (.05) (.07) (.07) - 
` 2) Technically Possible ; 
Elasticity of Regular 
Production Labor __ 1.17 1.10 1.22 
with Respect to Output (.08) (.12) (09) 


` 3) Difference Between the bi . y 
Technically Possible 35). ° .23 T’ 44 


and Actual Elasticities . . (07) (.09) (.10) 
4) Actual Elasticity, 
Corrected for Adjustment m 
of Labor into Worthwhile 96 .86 1.05 
Other Work (.06) (.07) (.08) 
5) Difference Between the : 
_ Technically Possible x 
and Corrected Actual .23 © 17 
Elasticities ( 06) . (.09) k 09) 


a See Table 1. 
>See Table 2. 


In the full sample, the typical -establish- 
ment assigned 94 percent of the labor that it 
_paid for during the trough quater to regular 


production work. Of, those’ 94° percentage’ ` 
points, 92 were téchnologically necessary 
given the level of production, and the re- . 


maining 2 percentage points were hoarded. 
Six percent of the labor that was being paid 
for by the typical plant:was ‘assigned to other 
work. Of those 6 percentage points, about 3 
could be justified by the value of the other 
work,. arid about 2 percentage. points were 
hoarded. 33 “The decomposition of: paid-for 
labor for each of the. two subsamples is pre- 
sented i in the two right-hand columns of the 
table...” 

The ‘ast two rows of Table 3 ‘summarize 
how much of the labor paid for during the 
trough quarter was in excess of regular. pro- 
duction requirements and how much was 
hoarded. On average; 8 percent of the 


blue-collar hours that were paid for during - 


-aj 


33 The figures do not’ add pipet because of round- 
ing error. 


the trough quarter. were not technologically 
necessary to perform. the regular production 
work of that quarter. Four percent of the 
‘hours that were paid for ‘were hoarded. The 
mean amount of labor in excess of regu- 
lar production requirements and the mean 
amount of hoarded labor were both signifi- 
cantly greater than zero at the .05 level for 


. the full'sample and for both subsamples. 


Since much of thé short-run productivity 
literature has’ discussed labor adjustment in 
termis of elasticities, it is useful to analyze the 


. Marizes various arc elasticities of total blue- 


collar hours with respect to output, while 
Table’5 presents- “comparable elasticities with 
respect to shipments. ' f 

' As shown in Table 4, the actual elasticity 
of. total blue-collar hours with ‘respect to 
output was .82 in the typical plant.** The 
technologically possible elasticity of total 
blue-collar hours with respect to output. was 


*The actual arc elasticity was calculated as 


[(Ly = Lr)/(En + Lr)A(On - Or)/(Qy + Or)] 
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1.17 on average.” Our primary concern in 
this article is not with these elasticities but 


with the difference between them. The dif- 


ference between the technically possible and 
actual elasticities reflects the extent to which 
a plant held labor in excess of regular pro- 
duction requirements. As shown in row 3, 
the difference between the technically possi- 
ble and the actual elasticities was .35 for the 
typical plant. The mean difference was sig- 
nificantly greater than zero at any customary 
level of confidence for the complete sample 
and for both subsamples. 

In order to derive a measure of hoarding, 
we must take into account the value of the 
other work that was performed during the 
trough quarter. The technically possible elas- 
ticity reflects the largest possible reduction 
that can be made in the labor available for 
regular production work. However, the ac- 
tual elasticity in row 1 reflects only that 
portion of the decrease in labor available for 
regular production work that is due to com- 
plete elimination of labor from the plant (via 
layoffs, hours cuts, or attrition). The actual 
elasticity does not capture the decrease in 
labor available for regular production work 
that is due to the “adjustment” of labor into 
worthwhile other work. In order to account 
for the value of other work, we constructed a 
corrected actual elasticity. The percentage 
change in labor that is used in calculating 
this corrected elasticity is made up of two 
components: the percentage of total blue- 


35The technologically possible elasticity was calcu- 
lated as . 


[ (Ly — Le)/ Cen + Le) = (On - Or) /(On + Qr)] 


The survey data provide support, albeit not strong sup- 


port statistically speaking, for the hypothesis that the 
technology of the U.S. manufacturing sector exhibits 
diminishing average product of labor, on balance, in the 
short to intermediate run. However, the mean value of 
1.17 should be kept in perspective. Twenty percent of 
the survey respondents stated that the technically possi- 
ble elasticity in their plants was 1.47 or greater, and 
another 20 percent stated that it was .55 or less. Any 
statement about the technology of the manufacturing 
sector as a whole involves important aggregation issues. 
Also, it should be noted that our estimates probably 
correspond to intermediate-run elasticities, since capital 
probably varied to some extent during the four quarters 
from normal to trough. 
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collar hours that were eliminated via lay- 
offs, hours cuts, and attrition; and. the per- 
centage cf normal hours that can be justified 
by the value of worthwhile other work.” 

As shown in row 4 of Table 4, the mean 
value of the corrected actual elasticity of 
total blue-collar hours with respect to output 
was .96 for the full sample. As shown in row 
5, the difference between the technically pos- 
sible elasticity and the corrected actual elas- 
ticity was .20, on average. This difference 
refiects the existence of labor that could not 
be accounted for by regular production re- 
quirements or by the value of other work; 
more simply, the difference reflects the ex- 
istence of hoarded labor. The mean dif- 
ference was significantly greater than zero at 
the .05 level for the full sample and for both 
subsamples; moreover, judging by the stan- 
dards in the literature, the mean difference 
was substantial.>” 

Table 5 examines analogous elasticities 
with respect to shipments. In general, the 
summary statistics in Table 5 are very similar 
to those in Table 4. The mean elasticities 


‘with respect to shipments (rows 1; 2; 4) were 


slightly larger than the corresponding elastic- 
ities with respect to output, as expected, since 
the mean percentage change in shipments 


36 The corrected actual elasticity was calculated as 
[(Ly — (Lr -Ly))/(Ly + (Lr > Ly))] 
=[(Qv -27)/ (2x + Qr)]. 


An alternative approach would have been to correct the 
actual elasticity by adjusting the percentage change in 
output to properly capture the value of the other work. 

37As mentioned earlier, one extreme outlier was 
dropped from the analysis because its inclusion caused 
some of the figures in Table 4 to be misleading. The 
respondent in question made a moderate labor adjust- 
ment but only a small cut in output in response to a 
moderate drop in shipments. Since the actual elasticity 
was denominated by a figure close to zero, the elasticity 
was very large. The technically possible elasticity, how- 
ever, was much closer to average. As a result, the 
differences between the technically possible and the 
actual and corrected actual elasticities were sizeable 
negative numbers. Including this observation would thus 
have lowered the mean differences in rows 3 and 5. The 
figures in Table 5 would not have been altered substan- 
tially by its inclusion, since denominating by the mod- 
erate drop in shipments did not cause a similar problem. 
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TABLE.S—ARC ELASTICITIES OF LABOR WITH RESPECT TO SHIPMENTS* 
Mean of variable for? 
Respondents Respondents 
Who Did Who Did. ~ 
Not Assign Assign 
All Respondents Other Work Other Work 
Variable (N =168) (N = 78) (N= 90) 
1) Actual Elasticity of A 
Total Blue-Collar Hours -88 .90 86 - 
with Respect to Shipments ` (06) (.08) (10) 
2) Technically Possible ` - E 
Elasticity of Regular oe: 
Production Labor ~ I2 Lil “131 
- with Respect to Shipments ` (.08) (12) (12) 
3) Difference Between the . f 
Technically Possible : 34 21. 5 
and Actual Elasticities Í (.07) (.10) (11) 
4) Actual Elasticity, i 
Corrected for Adjustment ; 
. of Labor into Worthwhile 193°. 90 1.14 
Other Work - (a7 (.08) (.11) 
5)- Difference Between the ‘ 
Technically Possible ; s 
and Corrected Actual .19 21 : © AbD: 
Elasticities (97) (10) (.10) 


4See Table 1, 
>See Table 2. 


was slightly smaller than the mean per- 
centage change in output. The differences 
that reflect the existence of labor in excess of 
regular production requirements and hoarded 
labor (rows 3 and 5, respectively) were very 
similar to the differences in Table 4, as ex- 
pected. 

Since much of the previous ai re- 
search has used shipments data, the figures 
in Table 5 are probably the estimates that 
are most comparable to earlier quantitative 
work. It is therefore worth comparing the 


picture painted by the survey results to the - 
pictures painted by earlier research. Previous ` 


studies have had available only the type of 
information summarized in row 1 of the 
table. Looking at row 1, we can see that the 


mean value of the actual elasticity of blue-- 


collar labor with respect to shipments for the 
survey sample is very close to most recent 
estimates of this elasticity using publicly 
available data. Moreover, the mean of the 
uncorrected actual elasticity was not signifi- 
cantly different from unity at the .05 level in 


the full sample or in either of the busty, 
ples.*® Nonetheless, we havé seen that the 

mean amount of labor in excess of regu- 

lar production requirements and the mean 

amount of hoarded labor were significantly 

greater than zero in. the full sample and in 

both subsamples. Therefore, testing whether 

an estimated actual elasticity is significantly 

different from unity is not equivalent to test- 

ing whether firms hold labor in excess of. 
regular production requirements or whether 

firms hoard labor—we need the additional 

evidence that is provided by the survey.*? 


38 This is the test that has been used most often in the 
literature. 

3°Fair (1985) provides a ‘detailed comparison of the” 
survey estimates of hoarding and estimates of hoarding - 
derived with publicly available data using his macro 
model of the economy. Because the collection of original 
survey data is expensive, we agree that it is important to- 
determine how publicly available data can be used to 
accurately measure the complex process of labor adjust- . 


‘ment. Fair’s comparison is based on a preliminary draft 
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V. Conclusion 


This article has reported the results from a 
survey that collected direct evidence regard- 
ing labor adjustment in U.S. manufacturing 
establishments during business downturns. 
The survey data indicate that the typical 
plant paid for 8 percent more blue-collar 
labor hours than were technologically neces- 
sary to perform regular production work 
during the trough quarter of its most recent 
downturn. Not all of the labor in excess of 
regular production requirements should be 
classified as hoarded, since some of it was 
performing worthwhile other work. After 
taking into account how much of the labor 
could be justified by the value of the other 
work, 4 percent of the blue-collar hours paid 
for by the typical plant during its trough 
quarter should be classified as hoarded. 

Direct evidence that firms pay for a large 
amount of labor in excess of regular produc- 
tion requirements and hoard a substantial 
amount of labor during downturns is im- 
portant for several reasons.“ First, the evi- 
dence indicates that a sizeable portion of the 
swings in productivity over the business cycle 
is, in fact, the result of firms’ decisions to 
hold labor in excess of regular production 
requirements and to hoard labor. If the 
amount of labor hoarding varies with the 
size, duration, or other characteristics of the 
business cycle, then the aggregate supply re- 
sponse of the economy will probably be 
different for different types of cycles.“ 
Moreover, the form, as well as the total 


of this article; some of the results he cites differ slightly 
from the final results presented here. 

41t is worth emphasizing that our measure of hoard- 
ing is made relative to normal. We assume that the 
cyclical hoarding that we measure is zero on average 
during normal times. Also, the survey evidence pertains 
only to blue-collar workers in the U.S. manufacturing 
sector. However, as Sims (p. 725) and others have 
pointed out, hoarding is probably at least as great 
among most other kinds of workers and in most other 
sectors. Therefore, we believe that it is reasonable at this 
stage to consider the implications of the survey results 
for the whole economy. 

“|The importance of considering the characteristics 
of the downturn before invoking Okun’s Law was noted 
by Okun himself in his original article (1962, p. 100). 
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amount, of hoarding is important, since not 
all forms of hoarding provide a reserve of 
redundant labor for the subsequent recovery. 
Also, the impact of a given change in output 
on the amount of labor that is paid for may 
depend on the amount of worthwhile other 
work that is available. The amount of 
worthwhile work that is available may in 
turn depend on the length and magnitude of 
the downturn and on the proximity and 
characteristics of previous downturns. In 
short, different changes in product demand 
may result in different levels of productivity 
change, and a given level of productivity 
change may have a number of different inter- 
pretations. Correctly interpreting a produc- 
tivity change is important in understanding 
the behavior of the economy during the sub- 
sequent recovery.” 

Second, the survey evidence indicates that 
labor is not always fully utilized in produc- 
ing measured ouput. During downturns, the 
utilization rate of the labor that is assigned 
to regular production assignments is lower 
than normal in many plants due to hoarding 
on those assignments. Moreover, some labor 
is assigned to work that is probably not 
captured by measured output. Research on 
the production function should take this evi- 
dence into account.” Third, the survey evi- 


42 For example, if a large amount of labor is assigned 
to worthwhile other work that is not properly captured 
in the publicly available output data, then there will be a 
large observed drop in productivity. The interpretation 
of this decline should be different from the interpreta- 
tion of a decline that is due to labor hoarding. Also, if 
the productivity change is due to hoarding, the subse- 
quent pattern of change will depend on the form of 
hoarding. 

434 number of theoretical models (for example, the 
one developed by Lucas) allow the rate of capital utiliza- 
tion to vary but assume that the firm “is scheduling 
labor optimally (or...is ‘on’ its short-run cost curve...)” 
(Lucas, p. 25). If both capital and labor are frequently 
underutilized, identifying the parameters of the techni- 
cal production function becomes problematic. The issue 
of postponable work is similarly important. Several 
models {for example, the model developed by Fair) 
include the assumption that the parameters of the pro- 
duction function are observable only when output per 
hour is at a peak. If firms are deferring work or tempor- 
arily enjoying increased labor effort at such peaks, then 
the parameters that are observed during peaks overstate 
the productivity that could be sustained permanently. 
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dence suggests that firms that hoard labor 
sacrifice substantial amounts of profit during 
downturns.“ Because of the magnitude of 
foregone profits, it is important to under- 
stand why firms behave this way.*° 

Our survey has provided the first direct 
measurement of several variables, including 
the amount of hoarded labor, that are central 
to an understanding of the process of labor 
adjustment over the business cycle. Evidence 
regarding the reasons for and the implica- 
tions of the labor adjustment patterns that 
we have measured should further increase 
our understanding of this important process. 


“4Qur interpretation of the costliness of hoarding 
does not appear to be affected by the presence in our 
sample of a small group of firms that used a pure 
piece-rate pay system; see our working paper for details. 

“Since 1970, after-tax corporate profits in U.S. 
manufacturing have averaged about 17 percent; and 
profits are lower during downturns. Based on tbis figure, 
the fact that 4 percent of the blue-collar labor paid for 
by the typical manufacturing plant during the trough 
quarter of a downturn was hoarded had a substantial 
impact on profits. 
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An Economic Interpretation of the History of- 
Congressional Voting in the Twentieth Century 


By SAM PELTZMAN* 


This paper interprets historical change in 
the U.S. Congress in terms of the simplest 
principal-agent model. I will show that pro- 
found changes in congressional voting pat- 
terns over the course of the twentieth cen- 
tury can be traced mainly to corresponding 
changes in the economic interests of their 
constituents. This claim may appear, at once, 
modest and extravagant. Modest, because the 
notion that agents by and large serve their 
principals’ interests is so familiar in nonpolit- 
ical contexts. Extravagant, because econo- 
mists have found the notion difficult to apply 
to the behavior of political agents. I begin by 
outlining the empirical source of this dif- 
ficulty. Then I describe the main trends in 
twentieth-century economic history and con- 
gressional voting behavior that are the focus 
of subsequent empirical analysis. The analy- 
sis reveals a much closer connection between 
economic and political history than might be 
suggested by much contemporary empirical 
literature on the economics of voting. I con- 
clude by attempting to reconcile these ap- 
parently divergent results. 


I. The Questionable Connection Between 
Congressmen and their Constituents 


Economists and political scientists have 
adduced a variety of explanations for why 
congressmen might rationally choose not to 
vote consistently for the interests of a major- 
ity of constituents (see, for example, Anthony 
Downs, 1957; James Buchanan and Gordon 
Tullock, 1962; George Stigler, 1971; Morris 
Fiorina, 1974). A more recent literature em- 
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phasizes the difficulty of linking empirically 
congressional voting patterns and constitu- 
ent economic interests (James Kau and Paul 
Rubin, 1979, 1982; Joseph Kalt, 1981; Kalt 
and Mark Zupan, 1984; Edward Mitchell, 
1979). Because my focus is also empirical, I 
attempt in Table 1 to provide the general 
reader with a sense of that difficulty. 
Consider first who gains and who loses 
from federal tax-spending policy. This is 
summarized in panel A of the table. Here 
two measures of benefits and costs from 
federal programs are regressed on some state 
economic characteristics.! Each is scaled so 
that higher values imply more per capita 
“net benefits” (or lower tax rates). Neither 
measure is perfect,” but the regressions tell a 
similar story: the federal budget tends to 
redistribute wealth away from states with 
high incomes and large manufacturing sec- 
tors. Urbanization has a less clear-cut effect. 
City dwellers pay more taxes (line 2a), but 
perhaps those who dwell in small cities (i.e., 
outside SMSAs) receive net benefits (line 1b). 
Panel B describes voting patterns in the 
Senate. The two dependent variables here, 
like those in panel A, are scaled so that 
higher values imply more support for federal 
taxing and spending. Again, despite their 
imperfections,’ both measures tell a similar 


1The particular characteristics—income, urbaniza- 
tion and the state’s industrial mix—are chosen prag- 
matically. They can explain these data fairly well, and 
they are readily available for the much longer historical 
period which is this paper’s main concern. 
2Both numerator and denominator of line A.1 are 
estimates based on sometimes arbitrary assumptions— 
for example, that the burden of the deficit is propor- 
tional to taxes paid. Apart from its neglect of benefits, 
some of the taxes attributed to a state in line A.2 are in 
fact paid by residents of another. 
3The variable NTUA is derived from an unweighted 
count of a senator’s votes for increased spending or 
taxes on ail roll calls dealing with taxing and spending. 
Thus, a vote to increase total taxes is weighted the same 
(Continued, p. 658) 
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TABLE 1— FEDERAL TAX-SPENDING PATTERNS, SENATE VOTING PATTERNS, AND STATE ECONOMIC CHARACTERISTICS 








Coefficients of? 
Dependent HHINC MFG URB METRO SPEND/TAX 1-TAX DEMS R? SEE 
Variable a) BD © (4) (5) (6) mM 9 O 
A. Measures of Benefits 
1. SPEND/TAX X100 
a -118 -122 .20 58 17.5 
(5.5) (3.8) (8) 
b —12.3 —.88 .79 —.36 60 173 
(5.8) (2.2) (1.6) (14) 
2.1-TAX 
a —1.36 —.15 —.09 : 64 2.66 
(4.2) (3.2) (2.4) 
b --142 -.11 -.01 —-.05 65 2.64 


(4.4) D (D (3) 
B. Pro-Spending or Pro-Liberal 


Voting Measures 
1. NTUA 
a —.01 18.4 24 11.4 
5 (.2) (3.7) 
b —.68 18.9 30 19.9 
(1.8) (3.9 
c .48 .03 —.25 .18 16.0 .28 11.4 
(3) D (8%) a9 (2.9) 
2. ADA 
a —.2 i 26.3 .34 17.5 
(2.7) i (3.4) 
b —2.08 30.7 40 16.7 
i (3:6) (4.2) 
c 65 88 03 —.13 29.5 51 15.7 
: BA (24) (1) (5) (3.9) 
Mean 13.5 22.2 65.7 57.6 106.7 83.9 59 
S.D. 1.6 8.2 14.6 26.1 26.1 4.3 .33 


Notes: Dependent Variables: 

1. SPEND/TAX: estimate of federal government expenditures in a state/estimate of federal tax burden in the 
state. The tax “burden” includes allocation of various nonpersonal taxes (for example, corporation income taxes) to 
citizens of each state: average for 1975,1976,1979 x 100. 

2. (1— TAX): One minus ratio of Internal Revenue Service collections from individual income and payroll taxes in 
each state to total personal income in the state (taxes may be collected in one state from residents in another). Average 
for 1977-79 x 100. 

3. NTUA: 100-average rating by National Taxpayer’s Union (NTU) of senators from state for 1979-80. The 
NTUA rating is the percentage of a senator’s votes that favored reduced taxes or spending, or opposed increases, so 
higher values of NTUA imply more support for taxes/expenditures. The NTU uses all votes on tax-spending issues to 
construct its index. ; 

-4, ADA: Average rating by Americans for Democratic Action (ADA) of senators from a state- for 1979-80. The 
ADA rating is percentage of times a senator votes for the ADA position on a selected sample of 20 issues. The ADA 
counts absence or abstention as opposition; I recalculated the ADA rating by ignoring these nonvotes. 

Independent Variables: Col. 1. HH INC: Median Household Income in state (thousands), 1975; col. 2. MFG: 
Percent of nonagricultural labor force in manufacturing, 1978; col. 3. URB: Percent of state population in urban 
areas, 1970; col. 4. METRO: Percent of state population in standard metropolitan statistical areas (SMSAs), 1978; 
cols. 5,6: see lines A.1,A.2; col. 7. DEMS: Number of Democrat senators from state/2, 1979-80. 

Sources: SPEND/TAX, (1- TAX), and independent variables: Statistical Abstract of the United States; NTUA and 
ADA from data supplied by NTU and ADA, respectively. 
*The t-ratios are shown in parentheses below coefficients. 
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story: apart from the tendency for Demo- 
crats to vote for more spending /taxes (col. 
7),* there is either no connection or a per- 
verse connection between the interests of 
constituents and the votes of their senators. 
For example, holding party constant, pro- 
tax/spending voting is either uncorrelated 
(line 1a) or negatively correlated (1b, 2a, 2b) 
with the direction of benefits from those 
policies. Further, the characteristics most 
clearly negatively correlated with net spend- 
ing benefits—income and manufacturing— 
are either uncorrelated (line 1c) or positively 
correlated (2c) with voting for larger federal 
spending. 

The results in Table 1 are only a suggestive 
introduction to the empirical literature on 
congressional voting. But I believe that the 
reader will find Table 1 consistent with an 
important broad conclusion of that litera- 
ture, namely that there is a large “inertial” 
component (often labelled “ideology”) in 
congressional voting: “liberal” or “conserva- 
tive” voting .patterns tend to persist from 
issue to issue, whether or not they seem 
consistent with constituent interests. 





as a vote to increase the budget of the Battle Monu- 
ments Commission. The variable ADA is derived from 
votes for the Americans for Democratic Action (ADA) 
position on a selected sample of 20 issues deemed 
“important” by that organization. These issues are not 
limited to tax-spending matters, as with NTUA. How- 
ever, they will usually include the more important tax- 
spending issues in a Congress, since the ADA has 
traditionally favored expansion of federal spending, 
especially on domestic programs. 

4My 1984 article shows that in popular elections, 
Democrats tend to draw votes from lower-income voters. 
Thus, since federal tax-spending policy appears “pro- 
gressive,” the tendency for Democrats to be pro-spend- 
ing /taxing is consistent with a simple principal-agent 
story. 

5The regressions in panel A do not, for example, 
capture the within-state variance of benefits or costs. 
For example, if taxes are sufficiently concentrated within 
a state, a high tax-income ratio or low spending-tax 
ratio for a state may still leave a majority of residents 
with net benefits from the federal budget. Also, note 
that even if the total impact of the federal budget is 
progressive, this need not be true of the additions to the 
budget at issue in congressional votes in 1980. Hence a 
positive correlation between “pro-spending” votes and 
income is not necessarily “perverse” from the stand- 
point of the economic interests of constituents. 
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My task here will be to see if this sort of 
inertia is evident in a much longer historical 
perspective: is it just a recent anomaly or a 
main feature of the history of legislation? 
Have long-period changes in economic cir- 
cumstances had any substantial connection 
with historical changes in congressional vot- 
ing patterns? If so, is the connection con- 
sistent with changes in economic interests? 
In answering these questions, I shall try to 
disentangle the economic analysis of legisla- 
tion from some of the idiosyncracy of 
American history. A clear regional pattern 
underlies data such as those in Table 1: 
southern congressmen tend to be more con- 
servative than northerners (Kau and Rubin, 
1979), while per capita income in the South 
is also lower than the North. If “economic 
interest” is supposed to be all that matters, 
this positive correlation between income and 
liberalism appears perverse. But it can be 
consonant with a world in which economic 
interest is either important or unimportant. 
There is a long American history of regional 
political division, as well as of regional eco- 
nomic differences, and in any cross-section 
correlation between, income and liberal vot- 
ing will reflect a mix of historical and eco- 
nomic forces. Accordingly, we cannot tell 
from the positive correlation we observe to- 
day whether economic interest and other fac- 
tors (like the legacy of the Civil War) tug 
strongly in opposing directions, or whether 
economic interest matters little next to “his- 
tory,” or whether history matters little and 
political redistribution is merely a “normal” 
consumer good “bought” most heavily by 
rich constituencies. A major goal herein is to 
sort these possibilities out. _ 

The paper is organized as follows. Section 
II sets out the basic economic and political 
history that underlies the subsequent em- 
pirical analysis. Section III describes how I 
measure both economic interest and voting 
behavior and what I think these measures tell 
us. Sections IV and V use these measures in 
empirical analyses designed to gauge the im- 
portance of economic forces in shaping the 
history of congressional voting. The main 
findings of this analysis are that: 1) voting 
patterns in a typical Congress reveal an in- 
terplay of economic forces and often con- 
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flicting regional cultural preferences, but 
these preferences seem remarkably stable 
over time. More importantly: 2) this “histor- 
ical inertia” has not prevented a profound 
change in voting patterns over the course 
of the twentieth century; and 3) this change 
seems entirely attributable to a correspond- 
ing change in economic interests in redistrib- 
utive legislation. Section VI reexamines some 
puzzles such as those in Table 1 in light of 
these findings. 


Il. The Historical Background 


One fact dominates the twentieth-century 
American economic history which is relevant 
to this paper: states and regions have be- 
come economically more homogeneous. Fig- 
ure 1 illustrates this for three characteristics. 
The solid lines track dispersion across states. 
They begin turning down c.1920 (over a 
period centered on 1920) or earlier, and by 
1980, have fallen by about 25 percent 
(urbanization) to about 70 percent (income) 
from their peak values. The same movements 
are evident when states are grouped into the 
nine census regions (broken lines). The gen- 
erally small vertical distances between these 
roughly parallel lines imply that the homog- 
enization process has been mainly a regional 
phenomenon. 

Any economic explanation of congres- 
sional voting has to come to grips with this 
profound narrowing of regional economic 
differences and, presumably, of economic in- 
terests. However, if this would seem to imply 
a similar narrowing of political differences, 
the crude data belie such similarity. Figure 2 
portrays the history of a few measures of 
state and regional political difference. The 
top panels focus on party membership in 
Congress. Any detectable narrowing of sec- 
tional differences in party membership seems 
confined to the most recent two decades or 
so, or thirty years after the onset of the 
economic homogenization. In addition, there 


is much more intraregional variability in 


party membership than in the economic data. 


®See the notes to Table 3 for explanation and sources 
of these variables. 
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Because the heterogeneity of American par- 
ties may make party membership too crude a 
measure of political difference, the bottom 
panels of the figure focus directly on voting 
behavior. The specific measure underlying 
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these panels is the average frequency with 
which a state’s or region’s congressmen voted 
with the northern Democrat majority on 
successive samples of 25 votes taken in a 
session of each House. (The sample and the 
voting variable are described more fully in 
the next section.) The bottom panels of Fig- 
ure 2 show time-series of the standard devia- 
tion of these frequencies across states and 
regions. They appear trendless. As with party 
membership, agreement between these politi- 
cal data and the economic data in Figure 1 
escapes the naked eye.’ 

I will attempt to bridge this apparent dis- 
junction between economic and political dif- 
ferences in Section VI. 


Il. The Calibration of Economic Interest 
and Congressional Voting 


Are the data discussed in the two previous 
sections hiding some historically durable 
connection between the way congressmen 
vote and their constituencies’ economic stake 
in that vote? I want to answer this with 
conventional, easily replicable statistical anal- 
ysis, and this demands plausible empiri- 
cal summaries of both the votes and the 
economic interests. This is a formidable de- 
mand. The dramatic growth of the size and 
scope of the federal government implies that 
the menu of issues facing Congress and the 
nature of the stakes may be much different 
today than in 1900. My first task, therefore, 
is to show that there is enough historical 
consistency in both the nature of the “stakes” 
and the pattern of voting to motivate the 
reader’s interest in the subsequent empirical 
analysis. 

To get at the consistency of the stakes, I 
focus on the redistributive element in federal 
policies. I showed earlier that contemporary 
budget policy redistributes wealth away from 


7We cannot, of course, rule out the possibility that 
increased homogeneity has affected the content of pro- 
posed legislation. For example, rural congressmen will 
oppose either a 1 percent tax or a 10 percent tax on 
farm incomes, but the former clearly entails a smaller 
difference between urban and rural interests. 
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high-income, manufacturing-intensive, and, 
possibly, large urban areas. Unfortunately, a 
long history of the redistributive effects of 
federal spending and taxes is unavailable. 
However, the income-progressivity feature 
of the redistribution seems to go back at 
least to 1950 (Morgan Reynolds and 
Eugene Smolensky, 1977). Moreover, there 
are enough income tax, collection data for 
replication of the sort of regression on line 
A.2a in Table 1 for most of the relevant 
historical period and they also show a fairly 
consistent pattern. I regressed the log of the 
income taxes/income ratio in each state in 
the years 1920,1930,...,1970 on the same 
three variables as in Table 1 plus time dum- 
mies and obtained: 


(1) Log(Tax/Income) ;, 


= Constant + coefficients x YEAR dummies 


+ 59 Per Capita Income; 
(5 0) \ US Per Capita Income, 


+ .011 URB,,+ .006 MFG, 
(5.4) (3.8) 


R? = 95, SEE = .32, 


where i = state, t = 1920,1930,...,1970.® 
When the regression is estimated sep- 
arately for each of the six years, the coeffi- 
cients are not always significant, but 17 of 
the 18 are positive and all 18 simple correla- 
tions are significantly positive. Thus, the few 
available pieces of data give at least a broad 
hint about the nature of the stakes in po- 
litical redistribution: the interests of con- 
stituents from high-income, manufacturing- 
intensive, and urban areas have generally 
been asking for opposition by their congress- 
men to expansion of the federal budget for 


® The sample is the 48 continental states, except Dela- 
ware, which is an extreme outlier in the earlier years. 
Tax data are from U.S. Internal Revenue Service and 
comprise personal income and employment taxes. See 
Table 1 for definition of URB and MFG, and see Table 
3 for sources. The f-ratios are shown in parentheses. 
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at least the last sixty years.” Accordingly, in 
the subsequent analysis I use the income, 
urbanization, and manufacturing measures 
to summarize the diversity of interest in 
redistribution across congressional constit- 
uencies. 

I will compare these interests with an 
equally simple summary measure of congres- 
sional voting behavior: the extent of support 
for the position taken by the majority of 
northern Democrats. While the details of my 
treatment of the Senate and House differ, 
nothing essential is lost if I first describe my 
procedure for senators and then explain why 
I think it results in an historically consistent 
measure of voting behavior. 

From each Congress, from the 63rd (when 
popularly elected senators began sitting) to 
the 96th (1980), I drew a sample of 25 bills 
on which record votes were taken.!? I in- 
cluded only votes on “economic” (i.e., non- 
defense budgetary and economic regulatory) 
issues where the winning side had less than 
a 2-1 margin and where over half the sena- 
tors voted.'! These criteria were meant to 
limit the analysis to controversial issues 
with potentially significant redistributive ele- 


° The qualifications to this conclusion would include: 
1) Non-income taxes—customs and excises—were far 
more important revenue sources prior to World War H 
than today, and there is no presumption that their 
geographical distribution followed that of income taxes. 
In addition, customs duties provided net benefits to 
protected industries. 2) Other forms of federal govern- 
ment activity (for example, regulation) could have differ- 
ent distributional implications than spending and taxes, 
so general opposition to expansion of government eco- 
nomic activity need not be in the interest of, for exam- 
ple, a high-income constituency. 3) One could surely 
lengthen the list of variables potentially related to the 
interest in redistribution—I intend my short list as a 
plausible summary, not an exhaustive summary. 

10 The voting data are from tape files compiled by the 
University of Michigan Inter-University Consortium for 
Political and Social Research (ICPSR). The files give a 
brief narrative description of each record vote and the 
position taken by each congressman. 

UToday a record vote almost always attracts sub- 
stantial participation, but prior to the 1930’s it was not 
uncommon for a majority of Senators to be absent 
without declaring a preference on a vote. I counted any 
expression of support or opposition—paired votes and 
announced positions—as a “vote.” 
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ments. Each senator’s vote on each bill was 
then coded +1 if he voted in favor of the 
position taken by the majority of northern 
Democrats, or 0 if he voted the other way. 
Call the dichotomous variable liberal ( LIB). 
I then extracted the regional’? elements of 
LIB on each vote from the regression 


(2) [ L1B,, — LTB; = È Buy Dir 
+error term, 


where LIB,,= ith senator’s vote on the jth 
bill, LIB, = average value of LIB on the jth 
bill, ((=1,...,96 senators; j=1,...,25 bills 
in each session of Congress), D,, = dummy 
variable = +1 if senator i represents a state 
in census region k; 0 otherwise; k =1,...,9 
census regions, B, ; = bill-specific regression 
coefficient of D,,. 

For each bill, I also estimated a regression 
with the same left-hand side variable as (2) 
and right-hand variables: 


(3) regional dummies + C,( P; — P,) 


where P,= +1 if senator i is a Democrat, 
0 if Republican; P,= average value of P 
on bill j; C,=bill-specific regression coef- 
ficient. 

An important motivation for holding party 
effects constant, as in (3), is to control for 


12 Since the economic data are available by state, my 
goal of relating political to economic behavior suggests 
extracting the state, rather than regional, regularities in 
LIB. However, with no more than two senators from a 
state voting on a bill, the “standard error” of the 
“state” regularity is rather high, Also, the dominant role 
of regional differences in the interstate variance of eco- 
nomic variables suggests that “region” is a sensible level 
of aggregation for my purpose. 

13Senators who belonged to neither major party were 
assigned to one of the two main parties as follows. For 
each of the 25 bills in each session, I calculated the 
average value of LIB for Democrats and for Repub- 
licans. Then I correlated the third-party senator’s LIB 
with the difference between the Democrat and Repub- 
lican average. If the correlation was significantly positive 
(negative), I called the senator a Democrat (Republican). 
In virtually every case these correlations were so high 
(on the order of +.8) that there was little doubt about 
where to put the ostensibly maverick senator. 
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some of the effects of the intraconstituency 
diversity of economic interest. 

The measure (denoted B,,) of a region’s 
liberal voting tendency for a session which I 
use in subsequent analyses is the average of 
each region’ s B,; across the 25 sample votes 
in that session. In substance, each B,, is just 
a count of the relative frequency of agree- 
ment with the northern Democrat majority. 
For example, suppose that the typical New 
England senator voted LIB 30 percent more 
frequently than the average senator and 20 
percent more frequently than the average of 
his party colleagues in 1920. Then B,, from 
(2) = +.3, while B,, from (3)=+.2 for t= 
1920. Since the average of the B,, across 
regions is roughly zero’ in every session, 
any B,, measures the liberalism (LIB) of a 
region’s senators relative to all senators in 

_ that session. 

My LIB measure and its derivatives are 
replicable, but are they measuring any his- 
torically consistent political behavior? I want 
to suggest that they measure just what the 
LIB acronym might suggest: a propensity to 
support progressive redistribution. This is not 
a controversial suggestion for the period since 
the New Deal, since Democrats, especially in 
the North, have been in the vanguard of 
support for expansion of the progressive 
tax-spending structure. But I want to argue 
that the same interpretation is plausible for 
the pre-New Deal period as well. In my 
sample of bills from the pre-New Deal Con- 
gresses, I found two issues recurring often 


14See fn. 4. More generally, a senator’s constituency 
is not his “state,” but those parts of the electorate 
relevant to putting him in office and keeping him there. 
See Richard Fenno (1978) for a discussion of this point. 
My earlier article shows that the economic characteris- 
tics of this “supporting electorate” differ systematically 
according to a senator’s party. Thus, for example, the 
typical constituency of Democrats from rich states gains 
less from redistribution than that of Democrats from 
poor states, but not necessarily less than that of Repub- 
licans from poor states. 

More precisely, since the number of states per 
region varies, a state-weighted average of B,, across 
regions is zero. At the same time, my procedure induces 
a purely statistical bias in favor of positive B’s for the 
North and negative B’s for the South. The nature and 
size of the bias is discussed in fn. 18 below. 
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TABLE 2—DIFFERENCES BETWEEN NORTHERN DEMOCRAT 
AND REPUBLICAN POSITIONS ON INCOME TAX 
AND TARIFF ISSUES, 
VOTE SAMPLES FOR 61ST—74TH CONGRESSES 


Number of Votes 


Issue and Position Senate House 


A. For Higher Income Taxes 
or More Progressivity 
1. Total Bills 21 11 
a. % Northern Dems (ND) 
For > % Republicans (GOP) 14 10 


b. % ND <% GOP 3 0 
c. No significant difference 4 1 

B. For Higher Mfd. Good Tariffs: 
1. Total Bills 32 21 
a. % ND > % GOP 0 0 
b.% ND <% GOP 30 20 
c. No significant difference 2 1 


Source: ICPSR File. 


enough to permit meaningful generalization. 
These were bills to change 1) the level or 
degree of progressivity of federal income tax 
rates, and 2) tariff rates on imports of 
manufactured goods. For each such bill in 
my sample, I computed the difference be- 
tween the percentage of northern Democrat 
and Republican votes in favor of increased 
taxes or progressivity or of increased tariffs 
on manufactured goods. The results, sum- 
marized in Table 2, indicate the clear prefer- 
ence of northern Democrats for higher/ 
more-progressive income taxes and lower 
tariffs on manufactured goods. The distribu- 
tive implications of the northern Democrats’ 
income tax policy are reasonably clear. I am 
unaware of any evidence on the incidence of 
tariffs in this period. However, the first-order 
protective effects of tariffs in the early 
twentieth century would appear to be regres- 
sive: they raised incomes of individuals 
(owners and workers in manufacturing) who, 
in a society with a large, low-income agricul- 
tural sector, had above-average income. So, 
with some uncertainty, it seems plausible to 
characterize the economic policy favored by 
northern Democrats as consistently pro- 
redistributive for all of this century. 

The main conclusions from this brief tour 
of twentieth-century economic and political 
data are: 1) high values of B (or LIB) con- 
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note congressional support for a progressive 
redistributive economic policy; 2) the main 
beneficiaries of such policies should be found 
in poor, non-urban, non-manufacturing-in- 
tensive areas. 


IV. Empirical Results: The Historical 
Connection Between Economics and Politics 


In light of previous discussion, I analyze 
the link between economics and politics in 
terms of three models of the process: 

1. Only economic forces matter in 
politics. 

2. Economic forces don’t matter at all, 
that is, historical regional political differ- 
ences persist in spite of economic change. 

3. Both economics and history matter. 
Operationally, this entails estimating regres- 
sions which are variants of the general form 


(4) By, = K +2M,- ECON, +EN ge Ry, 


where B,,= the relative LIB of region (or 
state) k’s congressmen in year t; ECON,,,= 
proxies for k’s economic (ECON) interest in 
liberal (LIB) votes in t; R,=a set of 
time-invariant regional (or state) dummies; 
K, M, N = parameters. 

The overall fit and the accuracy of the 
parameters of regressions on various subsets 
of the ECON and R variables will be used 
to draw inferences about which of the three 
models best describes the voting behavior 
summarized by the B,,. 

For the Senate, I have estimates of each 
region’s B, for each session of Congress 
from the 63rd through the 96th (1913-80). 
The ECON variables suggested by the pre- 
ceding discussion (income, urbanization, man- 
ufacturing intensity) are consistently avail- 
able only every decade. As a compromise 
between the rich political data and lean eco- 
nomic data, I computed (a) 5-year averages 
of the B, and (b) semidecadal values of the 
economic variables (by interpolation of the 
decade-end values). The economic variables, 
like the political variables, are each measured 
relative to their period means. This yields 
126 observations on relative political behav- 
ior and relative economic conditions: one for 
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each of nine regions in each of 14 periods 
ending 1915,1920,...,1980. Table 3 sum- 
marizes the results of implementing the three 
models with this body of data. There are two 
dependent variables: relative liberalism of a 
region’s senators without regard to party in 
columns 1-3 and adjusted for party (i.e., the 
average deviation of a region’s Democrats 
and Republicans from their party’s average) 
in columns 4—6. Each triplet implements the 
three models successively. The clear result is 
that the eclectic model which includes both 
ECON variables and regional dummies yields 
the most adequate description of the voting 
history. The eclectic model has greater ex- 
planatory power (as measured by SEE), and 
coefficients of both the economic and re- 
gional variables tend to be estimated more 
precisely than in the special-purpose models. 
Thus, these data suggest that economic forces 
have combined with persistent regional dif- 
ferences to produce the observed Senate vot- 
ing patterns. 

The same conclusion emerges from analy- 
sis of voting in the House of Representatives. 
Here, to economize on computation costs, I 
sampled votes only from sessions ending in 
year 0 and year 6 of each decade from 1910 
through 1980. However, with over 400 repre- 
sentatives, there are sufficient degrees of free- 
dom to allow the state, as well as the region, 
to be the unit of analysis. Accordingly for 
each House vote,'* I estimated equations like 
(2) and (3) except that 48 state dummy vari- 
ables, rather than just 9 regional dummies 
appear in them. Then, as with the Senate, I 
averaged the coefficients of the dummies over 
the 25-vote regressions in each session to 
provide my measure of the liberalism of a 
state’s House delegation for that session. This 
yielded a sample of 720 observations on the 
measure of political behavior—one for each 
of 48 states in each of 15 sessions ending 
1910, 1916, 1920, 1926...1980. The results of 
implementing the same three models as for 
the Senate are shown in Table 4. Again, the 


16As with the Senate, I drew samples of 25 votes—on 
criteria like those for the Senate vote samples—from 
each of the sessions included in the analysis. 
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TABLE 3— REGRESSIONS OF POLITICAL LIBERALISM IN THE SENATE ON ECONOMIC CHARACTERISTICS 
AND REGIONAL DUMMIES; 5-YEAR PERIODS: 1910-15 TO 1975~80, 9 REGIONS 








Dependent Variable and Model, Liberalism (B,,) 


No Adjustment for Party Net of Party Effect 
Independent ECON Region Both ECON Region Both 
Variables: : (1) (2) (3) (4) (5) (6) 
Economic: 
1. MFG f —.281 —.576 —,199 —.436 
(2.2) (1.5) (1.9) (1.8) 
2. PCI —.319 —.501 .018 —.374 
(3.3) (5.1) (2) (5.9) 
3. URB .288 —.467 .232 —.195 
(1.3) (1.5) (1.3) (1.0) 
Regional Dummies: 
4. New England (NE) —.071 138 029 .171 
(ME, NH, VT, MA, RI, CT) (2.2) (2.9) (1.4) (5.6) 
5. Mid-Atlantic (MA) — .060 227 037 223 
(NY,NIJ, PA, DE, MD) (1.9) (5.9) (1.8) (8.9) 
6. EN Central (ENC) — .022 1.80 032 166 
(OH, IN, IL, MI, WD (7) (4.8) (1.5) (6.9) 
7. WN Central (WNC) — .064 — .193 040 — .042 
(MN, IA, MO, ND, SD, NE, KS) (2.0) (5.6) (1.9) (1.9) 
8. S Atlantic (SA) d .039 — 128 — 103 — 207 
(VA, WV, NC, SC, GA, FL) (1.2) (2.4) (4.9) (6.0) 
9. ES Central (ESC) 074 —.210 — .037 — 222 
(KY,TN,AL,MS) ` (2.3) (3.7). (1.8) (6.1) 
10. WS Central (WSC) 047 — .148 — .084 —.219 
(AR, LA, OK, TX) (1.5) (4.2) (4.0) (9.6) 
11. Mountain (MT) .007 —.077 — ,002 —.060 
(MT, ID, WY, CO,NM, AZ, 
UT,NV) (.2) (1.3) (0.1) (1.5) 
12. Pacific (PAC) 050 .209 .085 .188 
(WA,OR,CA) (1.6) (4.9) (4.1) (6.9) 
R? os 24 17 57 .09 38 69 


SEE 112 19 087 .093 078 057 


Notes: Dependent Variables: For cols. 1-3, the variable is derived from regression estimates of equation (2) (see text). 
Coefficients of the regional dummies in those vote regressions are averaged over the 25 votes in each session. Then 
these regional averages are further averaged over 5-year periods as follows. Since each session of Congress ends in an 
even-numbered year, let B,o, By4,.--, Big represent the average coefficient for region k in the 25 vote regressions for 
a session ending in year 2, year 4, etc., of a decade. The dependent variable for the first 5-year period in a decade is 
1/2.5(Byo + Bug + -5By¢) and that for the second 5-year period is 1/2.5(.5By¢ + Byg + Byyo)- (For the period ending 
1915, the calculation is (1/1.5) (Bra +.5B,¢), because I exclude data from Senates without popularly elected 
senators.) The variable for cols. 4-6 is constructed in the same way except that it is based on regression coefficients 
from equation (3) which includes a party dummy. The vote data on which these variables are based come from the 
ICPRS files. 

Independent Variables: Economic—each of these has the form ( Xp, — X,) where Xp, is an average over the states 
in a region in year f and X, is a 48-state average for t (Alaska and Hawaii are excluded), and ¢ is every $ years from 
1915 through 1980. The definition and sources of the state data are 

1. MFG = percent of nonagricultural labor force in manufacturing. For 1940, see the U.S. Bureau of Labor 
Statistics, Handbook of Labor Statistics; for 1910-40, I use (gainful workers in manufacturing /all nonfarm gainful 
workers) from Everett S. Lee et al. (1957). I regressed the BLS data on the Lee et al. data for 1940 and 1950 ( R? > .95) 
and used the regression coefficients and the Lee et al. data to generate estimates of the BLS measure for years prior to 
1940. 

2. PCI = Log of per capita personal income. For 1930-80, from U.S. Bureau of the Census, Historical Statistics of 
the United States and Statistical Abstract...; for 1920, Maurice Leven (1925); for 1910, Lee et al. 

3. URB = Percent of state population in urban areas from Historical Statistics...and Statistical Abstract... . 

For the middle year of each decade, each variable is a linear interpolation of the value at the beginning and end of 
the decade. Regional dummies each = +1 if the dependent variable is for region k, 0 otherwise. The regions are as 
defined by the Census Bureati, except that, as in Lee et al., Delaware and Maryland are moved from the South 
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TABLE 4— REGRESSIONS OF HOUSE VOTING PATTERNS ON ECONOMIC CHARACTERISTICS 
AND STATE DUMMIES, 15 CONGRESSES (1910-80), 48 STATES 


Dependent Variable and Model Liberalism (B,,) 


No Adjustment for Party Net of Party Effect 
Independent ECON State Both ECON State Both 
Variables (1) (2) (3) (4) -© (5) (6) 
Economic: 
1. MFG —.134 —.273 —.042 —.151 
2.1 1.7 1.1 1.5 
2. PCI —.323 —.327 .093 —.163 
7.5 5.4 3.5 4.4 
3. URB .234 —.878 .070 —.483 
3.2 6.6 —1.6 6.0 
State Dummies: Regional Averages . 
4, New England — .085 104 042 144 
(.12) (.35) (.02) (.12) 
5. Mid-Atlantic — .002 297 042 201 
(.08) (.13) (.01) (.07) 
6. EN Central — .060 124 026 125 
(.05) (.09) (.02) (.05) 
7. WN Central — .087 — 213 058 - 010 
(12 (.22) (.05) {.06) 
8. S Atlantic 100 — 082 : 093 —~.189 
(.04) (.09) (.06) £.06) 
9. ES Central 15 — .144 — .057 — 193 
(.05) (11) (.09) (.12) 
10. WS Central .150 — 006 — .066 ~ 148 
(.02) (.09) (.03) (.04) 
11. Mountain .025 — - O81 —.017 — ,048 
(.11) (.16) (.04) (.06) 
12. Pacific —.011 168 .059 154 
(.04) (14) (.02) (.06) 
R? .09 .30 45 02 31 43 
SEE .205 185 165 126 .109 099 





Notes: See Table 3 and text for definitions and sources of variables. Each of the 720 observations is on a state in a 
session. The sessions are at 4- or 6-year intervals 1910, 1916, 1920,1925...1980, The dependent variable is the average 
coefficient on a state dummy variable from 25 vote regressions like equations (2) and (3) estimated in each session. 
The regressions used for estimating the dependent variable for cols. 4-6 include a party dummy. The Economic 
variables are deviations of state variables from a 48-state average for each session, (District-level data are unavailable 
for the whole period.) The regressions in cols. 2, 3, 5, and 6 include 48 state dummies. Their coefficients are 
summarized here by region: the standard deviations of the state ccefficients in a region are shown in parentheses 
below the regional mean of these coefficients. These means have the same interpretation as their counterparts in 
Table 3—i.e., they show the difference between frequency of liberal voting in a region and in whole House (cols. 2,3) 
or within a party (cols. 5,6). I reestimated the regressions using weighted least squares, with (number of 
congressmen)~ !/? as the weight, because analysis of the residuals revealed some heteroscedasticity. But the coefficients 
and t-ratios of the economic variables were virtually identical to those reported here. 


Atlantic to Middle Atlantic region. All variables except dummies are in fractions of 100, for example, the coefficient of 
MFG in col. 1 means: “in a region where MFG is 10 percent above the national average, senators will vote LIB 2.81 
percent less frequently than the average senator.” The coefficients of the regional variables in col. 3 are given for 
MFG = PCI = URB =Q, for example, the coefficient for New England in col. 3 means “if New England had the 
national-average economic characteristics, its senators would have voted LIB 13.8 percent more frequently than the 
average senator.” For cols. (4)—(6), these statements apply to the deviation of the average senator in a region from the 
average of all his party colleagues. The residuals from the regressions in cols. 3 and 6 are both serially correlated 
(r =.35). (This is partly induced by the averaging process used in generating the data, in that the dependent variable 
for adjacent periods shares the common term .2B,¢ (see above).) Accordingly, I reestimated these regressions 
via GLS. The results were virtually identical to those reported here, except that tratios were smaller than those 
reported here (shown below the coefficients in parentheses). For example, the GLS t-ratios for MFG, PCI, and URB 
were 1.1, 4.2, and 1.4 for the col. 3 regression, and 1.0, 4.6, and 1.1 for col. 6. 
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eclectic models (cols. 3 and 6) fit the data 
significantly better than either the “econom- 
ics only” or “history only” models.!” 

It is, at this point, only convenient 
shorthand to describe the preceding results 
as showing that economic change modi- 
fies historical inertia. These results are con- 
ceptually similar to those of the previously 
cited literature on contemporary voting in 
that ‘“‘noneconomic” variables—here re- 
gional dummies—have important marginal 
explanatory power. So, one could allude to 
regional differences in ideology as easily as 
to “historical inertia” (or “tastes” or “ un- 
measured variables”). Later, I provide some 
motivation for my shorthand by showing 
that there is in fact considerable inertia in 
the history—that is, that the coefficients of 
the regional dummy variables in cols. 3 and 
6 of Tables 3 and 4 are stable. But, however 
they are labeled, the statistical significance 
and large magnitudes of these regional dif- 
ferences are a challenge to future research:!* 


17The economic variables appear to have less mar- 
ginal explanatory power over the “location only” model 
for the Senate (compare the change in SEE from cols. 2 
to 3 or cols. 5 to 6 in the two tables). However, this is 
due to the larger number of locational dummies in the 
House regressions, and the consequent ability to better 
“explain” state idiosyncracies. If the House data are, 
like the Senate data, grouped into regions and the Table 
3 regressions replicated exactly (i.e., with regional eco- 
nomic and dummy variables), the SEE’s are as follows: 
col. 4: .086 


col. 1: .116 col. 2: .124 


col. 5; .075 col. 3: .087 col. 6: .057. 

Here the gain in SEE from col. 2 to 3 or col. 5 to 6.is 
around twice that in Table 4 and almost identical to that 
in Table 3 for the Senate. 

184 very small part of these differences is due to the 
Statistical bias alluded to in fn. 12. The bias arises 
because my LIB measure is, in part, regionally based. 
Since northern Democrats are a subset of northern 
senators, measures of how the average northern senator 
and the northern Democrat majority vote will tend to 
agree even if there are no substantive regional dif- 
ferences. Thus, the coefficients of the northern regional 
dummies will tend to be positive. However, the magni- 
tude of this bias is much too small to account for the 
regional differences observed in cols. 3 and 6 of Tables 3 
and 4. 

To isolate the magnitude of the bias, assume that 
every one of 100 senators votes randomly on every bill, 
so there are no substantive regional differences at all. 
My procedure would then select the X Democrats among 
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can we find measurable regional characteris- 
tics with histories much different fram those 
already in my analysis whose inclusion would 
reduce the explanatory power of the regional 
dummies?!’ 

In the next section, I use the results in 
Tables 3 and 4 to analyze historical changes 
in voting patterns, but they also reveal inter- 
esting regularities in the average “levels” of 
political behavior: 

1. The coefficients of the economic vari- 
ables in columns 3 and 6 are “sensible” 





the 70 (in round numbers) northern senators and use 
their randomly generated majority position to define a 
LIB vote. The random process generating this majority 
produces a mean of .5 X +.399VX votes in favor of that 
position among northern Democrats (under a normal 
approximation). This implies the following differences 
between the mean probability { P) of a vote favorable to 
the northern Democrat majority and the corresponding 
regional probability; 


Pyorrn — P = .399VX ((1/70) — (1/100)) 


Psourn — P = — .399VX /100. 


These differences (or, equivalently, regression coeffi- 
cients on regional dummies) are as follows for various 
values of X which span the range of twentieth-century 
political experience: 


X_  Pyorrn-P — Psourn ~ P 
10 .005 — 013 
30 .009 — 022 
50 012 — 028 
60 .013 ~ 031 


Thus, statistical bias implies coefficients of regional 
dummies which average only one-tenth or so of those in 
cols. 3 and 6 of Tables 3 and 4. 

1°My earlier paper argues that differences among 
senators in sources of electoral and financial support can 
explain much of the apparent ideological inertia in 
contemporary voting. For example, senators from the 
same state will vote differently because they drew votes 
and funds from systematically different groups within 
the state. This finding suggests that we look to persistent 
regional differences in these sources of electoral and 
financial support for an economic explanation of histori- 
cal inertia—for example, senators from historically con- 
servative regions may have drawn support from the 
upper end of their state’s income distribution. On this 
argument, the low voting participation of low-income 
blacks in the South for most of the twentieth century 
may help explain that region’s historical conservatism. If 
so, the size of the regional coefficients would be reduced 
if we could substitute something like income per voter 
for income per capita in the regressions. 
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(unlike their contemporary counterparts in 
Table 1): these variables, all of which we 
have seen to be negatively correlated with 
benefits from redistribution, are also nega- 
tively correlated with voting for redistribu- 
tion. 

2. Economics and history have tended 
to be opposing forces. This is revealed by 
comparing the regional coefficients in col- 
umns 2 and 5 (of either Table 3 or 4) with 
their counterparts in columns 3 and 6. The 
latter isolate the effect of history, because 
economics is separately accounted for in these 
regressions. The coefficients in columns 2 
and 5 show the net impact of history and 
some average of economic forces. Note that 
these “net” measures range less broadly 
(+.10, very roughly) than the “pure history” 
measures (the range in cols. 3 and 6 is around 
+.20). Thus, economic forces have typically 
dampened the effects of history. In particu- 
lar, they have dampened the South’s con- 
servatism and the North’s liberalism.”° 

3. Economic forces affect both the 
behavior of congressmen from the same party 
and the party composition of Congress. To 
see this, compare the coefficients of the eco- 
nomic variables in column 6 (which describe 
intraparty behavior) with those in column 3 
(where interparty differences are not re- 
moved). The former have the same signs but 
are smaller absolutely than the latter. This 
says that, for example, higher income in a 
region makes both Democrats and Repub- 
licans in that region more conservative (col. 


20 The same dampening also shows up within regions. 
In Table 4, note the smaller intraregional variation (the 
entries in parentheses) of the net coefficients in cols. 2 
and 5 vs. their pure history counterparts in cols. 3 and 6. 
Yet another indication of the opposition of economics 
and history is revealed by subtracting the coefficients in 
col. 3 (or col. 6) from their counterparts in col. 2 (or col. 
5). This operation shows the average direction of the 
effect of regional economic forces in modifying history, 
and it almost always yields a number opposite in sign to 
the impact of history. For example, line 4, col. 6 of 
Table 3 tells us that, holding economic forces constant, 
the typical New England senator votes liberal 17 percent 
more frequently than his party colleagues. But when 
economics is not held constant (col. 5), this excess 
liberal frequency is only 3 percent. The implication is 
that economics has, on average over the twentieth cen- 
tury, pulled against these senators’ “natural” liberalism. 
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6, line 2) but it makes the average congress- 
man still more conservative (the absolute 
value of col. 3, line 2 exceeds that of col. 6, 
line 2 in both tables). This implies an in- 
crease in the number of more conservative 
Republicans representing that region.” Ap- 
parently congressmen are at least partly con- 
strained by the central position of their party: 
they move away from it to accommodate the 
economic interests of their constituency but 
not always far enough to remain in office. 
This finding helps explain why narrowing of 
interregional differences in party composi- 
tion (for example, the breakup of the “Solid 
South”) lags behind the narrowing of eco- 
nomic differences: the initial changes in eco- 
nomic interest can be accommodated by 
shifts in position within a party, but their 
cumulation over time eventually breaks a 
party’s hold on a region. 


V. The Economic Basis of Historical Change 
in Congressional Politics 


Thus far I have shown that voting patterns 
in a typical Congress can be described by the 
interaction of economic forces and persisting 
regional differences, rather than by the work- 
ing of economic forces alone. In this section, 
I examine critically the logical corollary of 
that description—that the only source of 
historical change in voting patterns is eco- 
nomic change. How well does this corollary 
describe the changes that have occurred over 
the course of the twentieth century? Are the 
political changes attributable to economic 
change substantial or trivial? Are they sub- 
stantial enough to overcome or just slightly 
modify the otherwise persisting regional 
differences? 


21 Compare also the sizes of the differences between 
the regional coefficients in cols. 2 and 3 on the one hand, 
with those between cols. 5 and 6 on the other. These 
measures of the impact of economic forces in modify- 
ing history tend to be smaller absolutely within parties 
(col. 5—col. 6) than within the Senate or House as a 
whole {col. 2—col. 3), though they go in the same direc- 
tion. Again, the implication is that if economics impels 
toward, for example, more conservative voting, part of 


. the impulse is reflected in the replacement of members 


of the more liberal party. 
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TABLE 5—- CHANGE IN FREQUENCY OF LIBERAL VOTING IN THE SENATE, €.1920-c.1975, REGIONS 


Liberal Region and Voting Measure x10? Pee 
Voting NE MA ENC WNC SA ESC WSC MT PAC Regions 
Measure Oo ® © © © © © ® © 
A. Within Senate 
(No Party Adjustment) 
1. Actual ¢.1920 — 22: -118 -75 -71 206 188 171 0 -58 152 
2. Actual c.1975 154 89 148 —6 -136 -139 —119 -90 135 128 
3. Change (2.—1.) 379 207 223 65 -342 -327 ~291 -90 193 273 
(Col. 3, Table 3) (r =.95) 
4. Predicted Change 290 189 109 —121 —214 -274 ~230 -63 115 204 
5. Residual (3.—4.) 89 18 114 186 -128 —53 ~61 -27 78 100 
B. Within Parties 
(Net of Party Effect) 
1. Actual ¢.1920 — 44 —30 18 50 -12 -22 -51 -13 48 37 
2. Actual ¢.1975 151 212 107 25 -198 -175 -—167 -64 141 159 
3. Change (2.-1.) 195 242 89 —25 -186 -153 -116 -51 93 153 
(Col. 6, Table 3) (r =.96) 
4. Predicted Change 182 121 66 —85 —147 —192 —148 -26 79 134 
5. Residual (3.—4.) 13 121 23 50 —39 39 -13 -25 14 49 


Note: The entries in the table are based on the measure of liberal voting analyzed in Table 3—i.e., the frequency of 
agreement with the majority position of northern Democrats, for examples, the — 225 on line A.1, col. 1, means that 
New England senators voted with the northern Democrat majority 22.5 percent less frequently than the average 
senator (over a period centered on 1920). The entries on lines A.1 and A.2 are the average of the dependent variable in 
Table 3, cols. 1-3 (X10?) for the 1915, 1920, and 1925 periods, and 1970, 1975, and 1980 periods, respectively. Lines 
B.1 and B.2 use the dependent variable in Table 3, cols. 4—6. The entries on lines A.4 and B.4 are the changes in the 
predicted values over the relevant period from the regressions in cols. 3 and 6 of Table 3, respectively. These are found 
by multiplying the change in each economic variable by its coefficient from the indicated Table 3 regression and 
summing. The r = coefficient of correlation between actual and predicted change. 


The answers are summarized in Table 5 
(for the Senate) and Table 6 (House). These 
tables reveal a profound change in regional 
voting patterns over the course of the cen- 
tury, and they show that nearly all this 
change can be attributed to changed eco- 
nomic interests. The basic facts about voting 
patterns are on the first three lines of each 
panel of each table (positive values denote 
support for liberal policies). In the early part 
of the century, support for liberal economic 
policy came mainly from the South, and 
opposition from the Northeast and Pacific 
states. Today, these alignments are exactly 
reversed (see panel A). Party alignments 
changed similarly: the number of northern 
Democrats grew and victory for southern 
Republicans became conceivable. But a pro- 
found change in the same direction also oc- 
curred within each party. This is shown on 
the first three lines of panel B in the tables. 
In the early twentieth century, regional dif- 


ferences within parties were relatively small 
(line B.1).”” But in the sixty years after World 
War I, the northern members of both par- 
ties grew more liberal and the southerners 
more conservative (B.3). These within party 
changes have accounted for a substantial part 
of the overall change in Congress (compare 
the standard deviations in col. 10 for lines 
A.3 and B.3) and have produced consider- 
able regional differences within parties to- 
day. 


22 But economic differences were relatively large. The 
explanation for this strange pairing which is consistent 
with my previous results rests on the opposition of 
history and economics. Prior to World War I, the strong 
northern economic interest in conservative economic 
policy and southern interest in liberal policy clashed 
with opposite historical tendencies (see the pattern of 
the dummy variables in Tables 3 and 4, cols. 3 and 6). 
At the level of Congress as a whole (line Al) the 
economic interest dominated, but within parties the two 
forces offset each other (B.1). 
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TABLE 6—CHANGE IN FREQUENCY OF LIBERAL VOTING IN THE HOUSE, ¢.1920~c.1975, REGIONS 
CN es ee ek a 














Liberal Region and Voting Measure x 10? an 
Voting NE MA ENC WNC SA ESC WSC MT PAC Regions 
Measure (1) (2) Q) (5) ©) (7) (8) (9) (10) 
A. Within House 
(No Party Adjustment) 
1, Actual c.1920 —227 -108 -90 —13 171 230 231 -35 -14 169 
2, Actual ¢.1975 183 108 -54 —85 -80 -91 -35 -117 73 105 
3, Change (2.-1.) 410 216 36 —98 ~252 -321 —266 — 82 217 253 
Í (r =.98) 
4, Predicted Change 340 210 121 —84 —187 -195 -247 -90 143 207 
5. Residual (3.—4.) 70 6 -85 —14 —65 —126 —19 8 74 67 
B. Within Parties 
(Net of Party Effect) 
1. Actual c.1920 -65 -13 2 -23 25 -5 -28 20 39 
2. Actual c.1975 170 120 45 -10 —183 -130 —180 -58 65 129 
3. Change (2.-1.) - 235 133 43 —83 —160 -155 -175 -30 45 142 
(r =.98) 
4, Predicted Change 182 115 66 —46 -103 -107 -136 -50 78 114 
5. Residual (3.-4.) 48 18 -23 —37 ~67 -48 —39 20 «~-33 36 


Note: See Table 5. The same techniques used to generate data in that table are used here. Predicted and actual values 
come from regressions like those in Table 3 rather than Table 4, i.e., the House data are grouped into regions and 
regressions like those in Table 3 (using 9 regional dummies) are used to generate the coefficients of the economic 
variables which are then used to calculate the predicted changes on lines A.4 and B.4. The data are from 4-period 
averages with 1910, 1916, 1920, and 1926 comprising the first period, and 1966, 1970, 1976, and 1980 the second. 


I think that the most noteworthy finding 
of this paper is the remarkably close degree 
to which these profound political changes 
can be attributed to changes in economic 
interest. This is seen by comparing lines 3 
and 4 of each panel in both Tables 5 and 6. 
The “predicted changes” on line 4 are ob- 
tained from the coefficients of the economic 
variables in the regressions in col. 3 or col. 6 
in Table 3 or 4, and the change in those 
variables from the early to late twentieth 
century. There are 36 predicted changes in 
Tables 5 and 6 (two voting measures for each 
House for each of nine regions). Only 1 of 
these 36 disagrees with the sign of the actual 
change. Only 2 deviate from the actual 
change by more than half the standard devi- 
ation of the actual change. None of the cor- 
relation coefficients between these actual and 
predicted changes is below .95.”7 


23The regressions in Table 4 and associated data 
permit comparison of actual and predicted changes 
across the 48 states. These state-level data are also 
highly correlated (82 for both the within-House and 
within-party measures). In spite of the greater “noise” 


The results are similar if the longer period 
is divided into two subperiods of roughly 
equal length centered on the end of World 
War II. This is done in Table 7. These sub- 
periods have somewhat different characteris- 
tics—more stable regional party alignments 
and slower erosion of regional economic 
differences in the pre-World War II peri- 
od—but the simple economic model is able 
to rationalize most of the political change in 
both subperiods: of the 72 pairs of actual 
and predicted changes in Table 7, the signs 
agree in 63 cases. The correlation coefficient 
between these two variables never falls below 
.80 in the eight series in the table, and 
averages .86. The substantive message of Ta- 
ble 7 is that the South’s move away from 
liberal policies and the North’s move toward 
them is not compressed into the recent period 
when regional party alignments began chang- 


in these state-level data, the positive correlation holds 
even after the very large regional elements are removed: 
the correlation of the actual with predicted deviations of 
state changes from the regional means is .37 for within- 
House data and .49 within-party (both are significant). 
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TABLE 7—ACTUAL AND PREDICTED CEANGES IN FREQUENCY OF LIBERAL VOTING 
IN CONGRESS, Two SUBPERIODS (c.1920-1945, 1945-1975) REGIONS 





Region and Voting Measure x 10° 











Correlation of 

















Type Actual and 
of Change NE MA ENC WNC SA ESC WSC MT PAC Predicted 
and Period mo o ®© © © MM ® 9 (10) 
A. Within House of Congress 
1. Senate, 1920-45 
a. Actual Change 194 136 -10  —80 -156 -61 ~—138 74 n 92 
b. Predicted Change 114 34 -12 —45 -103 -~-42 —49 -15 67 
2. Senate, 1945-75 
a. Actual Change 185 7 233 145 —187 —266 ~-153 -164 116 82 
b. Predicted Change 175 155 121 -76 —11 -232 —ł80 -48 48 
3. House, 1915-45 
a. Actual Change 112 83 —6 —102 -63 —154 —91 128 252 .84 
b. Predicted Change 131 46 -34 —38 -101 -45 -102 8 127 
4. House, 1945-75 4 
a. Actual Change 341 164 84 59 —274 -246 —268 -239 11 .93 
b. Predicted Change 227 168 147 ~—49 —106 —168 ~160 -81 23 
B. Within Parties : 
1. Senate, 1920-45 
a. Actual Change 104 63 4 -80 -51 45 -23 31 31 .80 
b. Predicted Change 76 15 .-1l -30 -71 _ -27 -25 -4 38 
2. Senate, 1945--75 
a. Actual Change 92 179 85 55 —134 -196 .-92 -82 62 .90 
b. Predicted Change 107 107 TT ~56 -77 -165 -124 -2 41 
3. House, 1915-45 . 
a, Actual Change 116 63 54 —6 -120 —14 -93 83 97 .82 
b. Predicted Change 73 26 -18 -21 -55 -24 -56 3 70 
4. House, 1945-75 
a. Actual Change 120 67 3 -57 -73 -23 -110 -107 ~37 -86 
b. Predicted Change 126 92 81 -27 -58 -92 `—89 -46 12 ; 


Note: Actual and predicted changes are computed in the same manner as in Tables 5 and 6 (see their Notes), but for 
two subperiods. Three-term averages of the relevant data are computed for an “early,” “middle,” and “current” 
period as follows. The early period is an average of 1910, 1916, and 1920 data for the House and 1915, 1920, and 1925 
data for the Senate. The middle period'is an average of 1940, 1946, and 1950 data for the House and 1940, 1945, 1950 
for the Senate. The current period is 1970, 1976, and 1980 Zor the House and 1970, 1975, and 1980 for the Senate. The 


changes shown above as 1920-45 or 1915-45 are middle minus early data; the 1945 


middle data. 


ing. The economic forces underlying these 
shifts and the political response to them are 
palpably evident long before this and con- 
tinue to work essentially up to the present. 
So far I have forced on the data a model 
in which-economic change is the only source 
of political change. An alternative story 
would be that the noneconomic regional 
preferences, which I have so far assumed to 
have remained unchanged, have in fact 
changed as well. That alternative cannot be 
ignored in light of the seemingly massive and 
long-lasting political realignments engen- 
dered by the New Deal. Could not, for ex- 
ample, the post-New Deal rise of labor unions 


-75 changes are current minus 


and ethnic and racial constituencies in the’ 
North have been responsible for the shift 
toward liberal politics in that region? Table 7 
provides part of the answer—the shift was 
going on before the New Deal. But I sought 
a more formal test. Instead of assuming that 
the regional effects in the columns 3 and. 6 
regressions of Tables 3 and 4 never changed, 
I added a set of post-New Deal regional 
dummies; each =1 for an observation on a 
particular region for 1940 and after, 0 other- 
wise. The coefficients of these post-New Deal 
regional dummies show the extent to which 
regional voting patterns (net of the effects of. 
the economic variables) changed from the. 
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TABLE 8— MEASURES OF RELATIVE IMPACT OF ECONOMIC AND HISTORICAL CHANGE 
ON POLITICAL CHANGE IN CONGRESS, WORLD WAR I TO PRESENT 


Correlation 
Coefficient 
Actual Change vs. Beta Coefficients 
Components of for Components of 
Predicted Change Predicted Change 
ECON HIST ECON HIST 
Type of Change (1) D GB) (4) 
A. Within Houses 
1. Senate .92 43 92 .22 
2. House .93 — 30 ` 117 .39 
B. Within Parties 
1. Senate .95 : 08 99 30 


2. House 93 14 71 47 


Note: Data are from the unrestricted model (see text) in which changes in both 
economic and historical forces are permitted to affect voting behavior; this model 
permits the coefficients of the regional dummies to change between the pre- and 
post-1940 periods. Accordingly, the predicted (PRED) change in voting: behavior for 
any region has two components in this model: (a) ECON = change due solely to 
changes in economic variables (i.e., holding constant any shift in the coefficient of the 
regional dummy). (b) HIST = change in the coefficient of the regional dummy. 

Cols. 1 and 2 show the correlation coefficient between actual change and each 
component of PRED. Cols. 5 and 6 show the contribution of each component to PRED 
in standard deviation (SD) units. For example line A.1 says “a region where ECON is 
1 SD above the mean will have a PRED .92 SD above the mean,” etc. These beta 
coefficients are calculated by dividing SD of ECON and of HIST by SD of PRED. 
Panel A data are for changes in behavior across all congressmen without regard to their 
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party. Panel B refers to changes within parties. 


pre- to the post-New Deal period. Test of the 
null hypothesis (that the set of regional 
coefficients changed) generates statistics with 
an F-distribution as follows:** 


F(Senate) =0.85 (d.f.=9,105) 

F(Senate, within parties)= 2.09 (9,105) 

F(House) =1.64 (9,114) 

F (House, within parties) = 2.30 (9,114) 
Fos 2.0 Fo, = 2.6 


These numbers imply rejection of the null 
hypothesis at the 1 percent level for all four 
regressions, but acceptance at 5 percent for 
two of them. So, the evidence for (“noneco- 
nomic”) shifts in regional political prefer- 
ences is weak, and this provides justification 
for the restricted model in which economic 
change alone drives political change. 


For the House, I am testing the hypothesis that 
coefficients of regional dummies in regressions using 
regional data changed over time. My computer program 
could not perform a similar test on the coefficients of 
the 48 state dummies. 


Shifts in regional preferences seem | 
quantitatively, as well as statistically, insig- 
nificant. We already know that the restricted 
model (.e., only economic change matters) 
explains virtually all of the change in politi- 
cal behavior. So, the only way that changes 
in regional preferences could plausibly be an 
important source of political change would 
be for the unrestricted model to “reappor- 
tion” explanatory power from the economic 
variables to those measuring the shift in re- 
gional preference. However, Table 8 shows 
that this is not what the unrestricted model 
does. The data are based on the two separate 
elements of the change in voting behavior 
predicted by the unrestricted model—the 
ECON element (the sum of coefficients of the 
economic variables times the changes in these 
variables over time) and the change in his- 
torical (HIST) preferences (the change in 
the coefficients of the regional dummies from 
the pre- to post-1940 period). The first two 
columns show that, standing alone, ECON 
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TABLE 9— CORRELATION COEFFICIENTS BETWEEN STANDARD DEVIATIONS OF 
LIBERAL VOTING MEASURES IN CONGRESS AND OF ECONOMIC VARIABLES; 
1910 or 1915 To 1980; ACRoss REGIONS OR STATES 


Correlation Coefficient with SD of 





Standard Ps Ae 1 a A 
Deviation of Liberal MFG PCI URB 
Voting Measure (1) (2) (3) 
A. Unadjusted (for Persistent 
Regional or State Differences) 
1. Within 
a. Senate 10 —.14 03 
b. House: Regions 48 45 53 
: States 01 —.01 01 
2. Within Parties in 
a. Senate — .86 ~ 85 — .80 
b. House: Regions ~ 67 —.74 —.67 
: States —.74 —.66 —.73 
B. Adjusted for Persistent 
Regional or State Differences 
1. Within 
a. Senate 82 16 75 
b. House: Regions 87 85 84 
: States 83 87 82 
2. Within Parties 
a. Senate 77 .86 716 
b. House: Regions 82 83 85 
: States 71 -76 79 


Note: Each entry is a simple correlation coefficient between a time-series of standard 
deviations of an economic variable across regions or states and a time-series of a SD of 
one of the political liberalism measures analyzed previously (see Tables 3 and 4 Notes). 
Each House time-series has 15 observations and each Senate time-series has 14 observa- 


tions. See text for method of calculating voting measures used in panel B. 


is the much more reliable guide to the data 
than HIST, indeed the correlations in col- 
umn 1 are not much lower than those 
previously reported for the restricted model. 
The last two columns show that ECON is 
quantitatively the much more important ele- 
ment in the change in behavior predicted by 
the unrestricted model. 

‘All of this implies that what I had before 
merely labeled the “persistent historical” ele- 
ment in political behavior (i.e., the coeffi- 
cients of the regional dummies in Table 3 
and 4) really is persistent. This focuses more 
sharply my earlier challenge to future re- 
search: an economic explanation of these 
regional differences will have to uncover eco- 
nomic differences among regions that have 
not changed much since the beginning of the 
century. The regional homogenization evi- 
dent in so many dimensions of economic 
activity make this a formidable challenge. 


VI. A Reexamination of Previous Puzzles 


I showed (Section II) that political dif- 
ferences among regions in Congress have not 
declined along with economic differences. 
That seeming anomaly is restated in panel A 
of Table 9. This shows simple correlations 
between the dispersions of the economic and 
the various congressional voting measures 
I have been analyzing. If there is a sim- 
ple connection between narrowing economic - 
and political differences among states, these 
should be consistently positive, and they ob- 
viously are not. However, if there are per- 
sistent regional elements in political behav- 
ior, there should be a positive correlation 
over time between the dispersions of eco- 
nomic variables and of voting measures net 
of the persistent regional element, Accord- 
ingly, I subtracted the appropriate coefficient 
of the regional (or state) dummy in Table 3 
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TABLE 10— REGRESSIONS OF SENATE VOTING PATTERNS, ON ECONOMIC 
AND POLITICAL CHARACTERISTICS STATES, 1979 
Coefficient of 
HH SPEND/ 
Dependent INC MFG URB MET TAX DEMS HIST 
Variable (1) (2) (3) (4) (5) (6) (7) R? SE 
1. NTUA 
a 13 20.8 39.8 Al 10.1 
18 4.6 3.4 
(Table 1) (-.O1) (24) 14) 
c — 5.96 —.46 —.59 21 16.0 92.3 .59 8.7 
3.7 2.1 2.2 2.0 3.9 5.4 
(Table 1) (.48) (03) (—.25) (18) (28 014 
2. ADA 
a .08 32.3 95.0 .68 12.4 
8 5.8 6.6 
(Table 1) (—.28) (.34) (17.5) 
c -3.85 .08 —.52 .02 28.6 148.7 .80 10.2 
2.1 3 1.7 .l 6.1 7.5 
(Table 1) (.65) (.88) (.03) (~.13) (51) (15.7) 


Note: The regressions follow the same format as counterparts in Table 1, panel B, except for the addition of HIST as 
an independent variable. HIST is a vector of the coefficients of the state dummy variables in the regression in col. 6, 
Table 4. That is, HIST measures the historical liberalism of a state’s representatives (I have no state-specific data for 
senators) relative to their party mean over the whole 1910-80 period after accounting for economic variables. For 
comparison, the regression coefficients and summary statistics from the corresponding Table 1 regression are shown in 
parentheses on the lines labeled (Table 1). See Table 1 for definitions and sources of all variables other than HIST. 


and 4 from each measure of voting behavior 
and recomputed the simple correlations be- 
tween the dispersions of the adjusted politi- 
cal and economic variables. These are in 
panel B of Table 9 and they are all strongly 
positive. 

The persistent regional element has to be 
removed to reveal this tandem decline of 
political and economic differences because 
the conflict between history and economics 
described in Section IV has abated overtime. 
Early in the century, the South’s historical 
conservatism and the North’s liberalism (see 
the regional coefficients in cols. 3 and 6 of 
Tables 3 and 4) clashed sharply with the 
redistributive interests entailed by southern 
poverty and northern affluence. This clash 
made regional differences in political behav- 
ior smaller than otherwise. However, the clash 
and its restraining influence on regional 
political differences, has diminished with the 
relative economic rise of the South.” Inter- 


25To see formally why the variance of political 
behavior (S?) across regions need not decline along 
with the variance of the economic (+ any random) 


estingly, my data imply that regional politi- 
cal differences will grow in the future even as 
the economic element of these differences 
diminishes.”° 

The weak or even perverse relationship 
between voting and economic interest often 
found in contemporary Congresses (see the 
discussion surrounding Table 1) can also be 
clarified by my results. They suggest that, for 
example, wealthy areas sometimes produce 


element ( E?) of that behavior, note that $? = E? + H? 
+2rEH, where H? = variance of the historical (ie, 
time-invariant) element across regions, and r= corre- 
lation between the historical and economic (+ random) 
elements across regions at time ¢. Then 


dS 1fdE dr 
reed P7 (E+rH)+ at EH. 
For most periods in the data, dE/dt < 0, but r < 0, so 
the sign of dS/dt is indeterminate. 

26In the notation of fn. 25, E? is now so small that, 
with r < 0, (E? +2rEH) < 0 and S? < H°’. Therefore, if 
E continues to approach zero, over time $? will rise 
toward H°. For the Senate, in the period 1970-80, 
S=.128 while H =.185. The latter figure is about equal 
to the maximum s observed in this century. 
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liberal congressmen because the pull of his- 
tory can overcome the push of interest. This 
is more likely today, when differences in 
interest are smaller, than it has been in the 
past. If this explanation is correct, then some 
adjustment for history should bring the role 
of interest in contemporary voting into 
sharper focus. This adjustment is made in 
Table 10 which adds history, in the form of a 
vector of the coefficients of state dummy 
variables from the column 6, Table 4 regres- 
sion, to some of the regressions in Table 1.7’ 
The coefficient of this HIST variable (col. 7) 
is uniformly positive and significant, which is 
further testimony to the durability of these 
sectional differences. More important, with 
the addition of HIST, the coefficients of the 
economic variables change in the “right” 
direction from their Table 1 values (shown in 
parentheses); that is, income, manufacturing 
and urbanization, which are negatively corre- 
lated with the benefits of redistribution, have 
algebraically smaller and usually negative 
coefficients in Table 10.”* Similarly, the par- 
tial correlation of liberal voting with the 
benefits from redistribution (lines 1a and 2a) 
is positive in Table 10, while it was strangely 
negative in Table 1. 


VII. Summary and Conclusions 


The evidence in this paper is consistent 
with a model in which congressional agents 
act as if they are maximizing a utility func- 
tion like 


(5) . U=F(L,W), 


where L = the number or frequency of liberal 


27These coefficients describe historical preferences in 
the House and the regressions in Table 10 describe 
voting in the Senate. This is done because I do not have 
comparable state-level data for the Senate. I also ran the 
regressions in Table 10 with the relevant regional HIST 
of the Senate. These were qualitatively similar to those 
in Table 10, but none explained the data as well as its 
Table 10 counterpart. 

28 The coefficient of MET, however, moves in the 
“wrong” direction, in that the crude evidence in Table 1 
implies that residents of SMSAs lose from redistribu- 
tion. 
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votes cast,”° and W = their principals’ wealth 
per capita. 

The agent’s choice of L affects W via the 
political redistribution process, and the usual 
first-order conditions are 


(6) F,/Fy =~ dW/dL, 


the “price” of a liberal vote in terms of W. 
That price depends on the nature of redistri- 
bution—it will be positive in some con- 
stituencies and negative in others. Accord- 
ingly, (6) has an interior solution only where 
liberalism is a costly good (F,, —dW/dL; 
both >0) or a productive bad. My data 
imply that where liberalism seems to be a 
good (the North) it has historically been 
costly, and where it is a bad (the South) it 
has been productive. This amounts to invok- 
ing a “tastes” category to permit F, to be 
nonzero in the same way that, say, an analyst 
of the market for rock music might have to 
invoke tastes to “explain” why some pay to 
hear it and others pay to avoid it. But to 
invoke tastes is also to challenge future re- 
search. In this case, the challenge is to 
uncover objective forces which can reduce . 
the importance of my particular tastes cate- 
gory. 

Meanwhile, I have followed the traditional 
path in utility analyses of choice, that of 
focusing on the effects of changes in con- 
straints. The characteristics of American 
political redistribution suggest that, in gen- 
eral, the shadow price of a liberal vote 
(— dW/dL) rises with relative wealth, and, ` 
when that price rises, we expect fewer such 
votes to be “bought.” That expectation is 
strongly confirmed by my data, as is the 
underlying assumption that the tastes in 
question are stable. I have shown that this 
conventional economic model is powerful 
enough to explain substantially all of the 
major political realignments among regions 
in this century. The economic convergence of 
congressional constituencies has gradually 
lowered the price of a liberal vote to north- 


?°At this level of generality, one has to be agnostic 
about whether L generates utility for the agents or 
principals or both. 
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ern congressmen and lowered the price of a 
conservative vote to southerners. This ele- 
mental fact is sufficient to explain 1) why the 
once conservative North has become liberal 
and why the opposite occurred in the South; 
2) why once more-or-less homogeneous par- 
ties have become regionally divided, with 
northern members of either party now more 
liberal and southerners now more conserva- 
tive than their party average, and 3) why 
Democrats have gained “market share” in 
the North and lost it in the South. Since the 
process of economic convergence appears not 
to have run its course, the strong suggestion 
of my results is that these political trends 
will continue. The seemingly paradoxical re- 
sult predicted by my data is that Congress 
will become more sharply divided regionally 
as their constituencies converge economi- 
cally. 
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Short-Run Equilibrium Dynamics of Unemployment, 
Vacancies, and Real Wages 


By CHRISTOPHER A. PISSARIDES* 


In this paper, I study the dynamics of . 


adjustment in a labor market, following an 
exogenous shock to the real value of output. 
Some of the stylized facts of business cycles, 
with which the predictions of the model are 
consistent, include first, real wages do not 
. fully reflect fluctuations in the real value of 
labor’s marginal product, so real profits 
fluctuate more than real wages. Second, un- 
employment responds to output shocks, but 
its response is slow. Finally, in countries 
where there are good data on vacancies, like 
Britain, we observe that vacancies respond 
more quickly to shocks and with greater 
amplitude than unemployment. 

Several authors have constructed models 
to explain why output shocks are absorbed 
partly by real wages and partly by unem- 
ployment (the empirical regularity in the 
United States is discussed by Robert Hall, 
1980). Implicit contract models (Costas Azari- 
adis, 1979; Oliver Hart, 1983) have success- 
fully explained why real wages may not re- 
flect output shocks, and the models with 
asymmetric information and severance pay 
have also had some success in explaining 
fluctuations in unemployment. Bargaining 
models (Ian McDonald and Robert Solow, 
1981) and efficiency wage models (Janet Yel- 
len, 1984) appear to be more successful in 
explaining fluctuations in unemployment, but 
formalizations are still in their infancy. The 
models have not yet been subjected to the 
same scrutiny as implicit contract and earlier 
models. 


*London School of Economics, Houghton Street, 
London WC2A 2AE. Work on this paper was started at 
NBER’s Summer Institute in July 1983 and later com- 
pleted at the Industrial Relations Section of Princeton 
University; I thank both institutions for their hospitality 
and financial support. I also thank the referee and 
seminar participants at the universities of Boston, 
Chicago, Iowa, Wisconsin, and Yale for helpful com- 
ments. 
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One feature shared by all these models is 
that they are static. They explain how real 
wages and employment respond to shocks in 
a comparative-static framework but say 
nothing about the adjustment path from one 
equilibrium to the next. Also, the models say 
nothing about job vacancies, either in equi- 
librium or during the adjustment process. By 
contrast, this paper takes the view that by 
modeling job vacancies explicitly, one can 
learn more about the behavior of unemploy- 
ment and real wages, both in equilibrium 
and during the adjustment to equilibrium. 
Thus, the model developed below is ex- 
plicitly dynamic, and in it job vacancies play 
a critical role in the transmission of output 
shocks to real wages and unemployment. 

A job vacancy indicates a willingness by a 
firm to hire a worker.’ It is equivalent to 
unemployment of capital, so just as workers 
move between the states of employment and 
unemployment, jobs move between the states 
of occupancy and vacancy. I model the inter- 
action of vacancies and unemployment by 
using ideas from equilibrium search theory, 
where there is continuous wage recontracting 
and perfect anticipation of the adjustment 
paths of all endogenous variables. Job 
vacancies enter the model via their influence 
on job contacts, which depend on the num- 
ber of firms looking for workers. Some firms 
may not wish to hire and so they may not be 
actively engaged in the search process. Only 
firms with job vacancies are actively engaged 
in search, so the number of job contacts and 


1For more discussion of the concept of vacancies, 
with empirical evidence for the United States and Bri- 
tain, see, respectively, Katharine Abraham (1983) and 
my paper with Richard Jackman and Richard Layard 
(1983). Earlier contributions incorporating vacancy- 
unemployment interactions (but without explicit micro 
models and with a peripheral role for wages) include 
Charles Holt and Martin David (1966) and Bent Hansen 
(1970). 
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the flow of workers out of unemployment 
depend on the number of job vacancies. 

The static properties of the model closely 
resemble those of other models cited: real 
wages do not fully reflect output shocks and 
unemployment absorbs some of the shocks. 
In order to derive an adjustment path from 
this setup, I make use of the observation 
that vacancies respond more quickly to 
shocks than unemployment. When desired 
employment rises, firms open up new vacan- 
cies to indicate their willingness to hire more 
labor, and unemployment falls when labor 
takes up these vacancies. Similarly when de- 
sired employment falls, firms withdraw their 
vacancies, making it more difficult for unem- 
ployed workers to find jobs. Hence, changes 
in vacancies lead changes in unemployment. 
The critical assumption that I make in this 
paper is that vacancies are a nonprede- 
termined, fully flexible variable, whereas 
unemployment is predetermined, except for 
additions to it that result from upward 
movements in reservation wages. Wages are 
also nonpredetermined with continuous re- 
contracting. 

The assumption concerning vacancies is 
obviously extreme, since opening up new 
vacancies often requires the acquisition of 
new capital, which may not be readily avail- 
able. However, if the existence of a job 
vacancy is a prerequisite to a hiring, vacan- 
cies must respond at least as quickly to shocks 
as unemployment, whatever the length of 
time required to open up a vacancy. The 
assumption that I make here enables the 
development of a simple model whose dy- 
namic behavior is governed by this differen- 
tial speed of response, and not by any time 
lags in the acquisition of capital. 

I consider the effects of a multiplicative 
shock to the value of output and to capital 
costs, under the assumption of perfect fore- 
sight. Changes in unemployment result from 
successful job contacts and from job sep- 
arations, making unemployment a relatively 
sluggish predetermined variable. Vacancies 
and wages adjust continuously so as to en- 
sure that during adjustment the economy 
stays on a unique perfect-foresight adjust- 
ment path. 
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The assumptions of the model imply that 
the unique adjustment path is characterized 
by a constant vacancy-unemployment ratio 
and constant real wages. Hence these vari- 
ables change only in response to news about 
shocks and not during the adjustment follow- 
ing the news. Moreover, real wages do not 
change by as much as the value of output 
and capital costs, inducing firms to change 
the number of job vacancies. Following this 
initial response to the shock, the number of 
job contacts changes, leading to simulta- 
neous changes in vacancies and unemploy- 
ment until the economy reaches its new equi- 
librium.” The model predicts that vacancies 
overshoot their long-run equilibrium value 
when expansionary or contractionary shocks 
are first observed. Following the initial im- 
pact of the shock, they change in the same 
direction as unemployment, tracing anti- 
clockwise loops in vacancy-unemployment 
space. 

The model also predicts that the time-series 
of unemployment, vacancies, and real wages 
will be characterized by asymmetries. The 
response of unemployment to a negative 
shock is faster than the response to a positive 
shock. The reason for this is that, when the 
shock is negative, reservation wages and 
profits do not fall by as much as actual 
wages and profits, leading to a number of 
immediate job separations. There are no cor- 
responding immediate job matchings when 
the shock is positive, because the process 
that brings together firms and workers is 
time consuming. For the same reason, 
vacancies overshoot by less when the shock 
is negative, and mean observed wages re- 
spond less at the onset of a negative shock 
than at the onset of a positive one. The job 
separations when the shock is negative re- 


?Thus, in time-series data, the model predicts that 
changes in productivity-corrected real wages should be 
small and uncorrelated, whereas unemployment should 
follow an autoregressive process. These predictions are 
consistent with the U.S. and U.K. data of Joseph Altonji 
and Orley Ashenfelter (1980), and with the U.S. real- 
wage data of Ashenfelter and David Card (1982). 


678 THE AMERICAN ECONOMIC REVIEW 


move from the market low-wage jobs, raising 
the mean wage.’ 

Of crucial importance in the derivation of 
these results is the fact that labor has some 
alternative use to production, whose real re- 
turn is not sensitive to expansionary or con- 
tractionary output shocks. This alternative 
use determines partly the workers’ threat 
point in the wage bargain, introducing an 
element of inflexibility in wages.* Firms’ 
threat points are determined partly by the 
cost of idle capital, which I assume varies in 
proportion to the value of output. This as- 
sumption, however, is not important for the 
qualitative impact of output shocks. 

Sections I, II, and III develop the equa- 
tions describing the behavior of unemploy- 
ment, vacancies, and wages. Section IV de- 
rives the reservation prices and discusses job 
rejection. Section V brings the elements to- 
gether and derives the unique perfect fore- 
sight path for this economy. Finally, Section 
VI describes the economy’s response to a 
multiplicative output shock. 


L Unemployment 


Consider an economy consisting of a fixed 
labor force (which is used as the normalizing 
constant) and of a variable number of jobs. 
At any point in time, a fraction 1— u of the 
labor force is employed and the remaining 
fraction u is unemployed and looking for a 
job. The variable u, as well as the other 
endogenous variables, are functions of time, 
but the time notation will be suppressed for 
convenience. Steady-state equilibrium values 
, will be distinguished by a bar over the rele- 
vant variable. The number of jobs as a frac- 
tion of the labor force is 1— u + v, where v 
denotes the job vacancies which are waiting 


for workers to arrive. It is assumed that no. 


firm without a vacancy can take on a worker; 
that is, having a job vacancy is a prerequisite 
for participating in the search process that 
brings together jobs and workers. 


3Recently, Salih Neftci (1984) provided evidence for 
the asymmetric behavior of unemployment which is 
consistent with the predictions derived here. 

*McDonald and Solow make a similar argument for 
wage inflexibility in their union bargaining model. 
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There are frictions in the labor market, 
which make it impossible for all the unem- 
ployed to find jobs instantaneously. I shail 
not model explicitly the source of these fric- 
tions.’ Instead, it will be assumed that the 
implication of these frictions is that the typi- 
cal unemployed worker is faced with a prob- 
ability p of making a contact with a firm 
with a job vacancy, the typical vacancy is 
contacted by a worker with probability g 
and both p and q lie strictly between 0 
and 1. It is plausible to assume that these 
contact probabilities depend on the relative 
number of firms and workers engaged in job 
search. Writing 9 for the ratio of vacancies 
to unemployment (v/u ratio) we assume 
that both p and q are continuous differentia- 
ble functions of 6, with dp/d@=>0 and 
0q/06 <0.° 

There is a simple relationship between p 
and q, because, by definition, the number of 
unemployed workers who make contacts with 
jobs must be equal to the number of vacan- 
cies that are contacted by workers. Thus, 
with a typical contact probability of p and 
with u job searchers, the number of workers 
who make contacts is up; similarly, the num- 
ber of job vacancies that are contacted by 
workers is vg. Hence, up = vq, or, using the 
6 notation, 


p(9) = 6q(8). 


The assumption that 0p/d9>0 and ðq/ 30 
<0 implies that the elasticities of p- and q 


5The literature on imperfect information and job 
search discusses extensively the sources of these fric- 
tions. See, for example, Edmund Phelps (1972). 

*Assuming that p and q depend on the ratio 6 and 
not on the absolute levels of u and v imposes some 
homogeneity restrictions on the process of search which, 
in some models, have strong implications for the 
efficiency of equilibrium outcomes. See, for example, my 
1984 paper, where I used a steady-state versicn of this 
model to study the efficiency of job rejection in the 
presence of search externalities. In this model, homo- 
geneity simplifies the exposition without materially 
affecting the analysis. There are also some reasons to 
believe that homogeneity is a plausible restriction a 
priori; see, for example, Stephen Nickell (1979), where 
the probability p is successfully estimated as a function 
of the v/u ratio, and Hall (1979) where a homogeneous 
search process is explicitly derived. 
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with respect to @ must be less than 1 in 
absolute value. 

Not all job-worker pairs are equally pro- 
ductive. I assume that when a worker and a 
vacancy come together they immediately 
establish their net output from a potential 
match. Let this be y units and suppose that 
y is a random drawing from a cumulative 
density function F(y). The density function 
is identical for all jobs and workers, so the 
reason for different productivities is the 
difference in the efficiency of the job match, 
not in general skills or technologies. I assume 
that y is a constant flow per unit time and 
that it is parametric. 

When a firm and a worker meet, they 
agree whether to form a job match, or 
whether to reject it and try again. All poten- 
tial job matches with nonnegative surplus are 
made. The surplus is divided according to a 
wage function whose derivation I shall de- 
scribe in Section III. For the moment, let x 
denote the productivity that yields zero 
surplus, so all jobs matches with productivity 
y 2x are made, whereas job matches with 
productivity y < x are rejected. The reserva- 
tion productivity x is a nonpredetermined 
choice variable. 

The job matches that are made at each 
point in time equal the fraction of contacts 
that yield productivity at least as high as x. 
Let 


a= f" aF(y). 


Then, in a large market the number of job 
matches made is simply aup; the number of 
contacts made is up, and a is the fraction of 
acceptable contacts. 

Additions to unemployment take place ex- 
ogenously, at the flow rate s(1— u). The jobs 
broken up are selected randomly, so each 
job-worker pair is faced with an exogenous 
separation probability s, regardless of the 
productivity of the match or the time it was 
formed. These assumptions, although strong, 
are needed to make the analysis tractable. 
Out of the steady state, separations may also 
take place endogenously as a result of changes 
in the reservation productivity x. The exoge- 
nous separation process assumed may be 
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justified by appeal to firm-specific shocks 
that cancel out in aggregate, such as structur- 
al shifts in final demand or random obsoles- 
cence (and breakdown) of machines. 

Unemployment changes in response to the 
flows in and out of jobs. The rate at which it 
changes is given by 


(1) #=(1—u)s— a(x) p(4)u, 


where a dot denotes a time derivative. The 
variables u, 6, and x are functions of time, 
but s is assumed to be constant. Equation 
(1) makes unemployment a sluggish variable, 
and it is one of the fundamental dynamic 
equations of the model.’ 


H. Vacancies 


The number of job vacancies is de- 
termined by firms, in response to the ex- 
pected profit from a new vacancy. For sim- 
plicity, I shall use the terms firm and job 
interchangeably; that is, it will be assumed 
that there are constant returns to scale 
without substitution possibilities between 
labor and capital after the installation of 
capital, so each firm may be modeled as 
having only one job. Intuitively, a job may 
be thought of as a machine that could be 
operated by one worker. Firms could acquire 
machines for a fixed rental, and in order to 
engage in the search process that leads to job 
matches, they must have an idle machine. 
The number of machines in existence de- 
pends on the expected profit from an extra 
machine, given the expected duration of a 
job vacancy and the profit from production. 
Machines can be brought into use, rented 
and scrapped instantaneously, so the number 
of job vacancies is a perfectly fiexible non- 
predetermined variable. 

Let us assume that apart from the fore- 
gone profit that a firm suffers when it has a 
vacancy, it has to bear also a cost k per unit 
time. The cost k is assumed to be a flow in 
order to simplify the exposition; it represents 


7Some exogenous changes may induce once-and-for- 
all step changes in unemployment, and at these points 
equation (1) is not defined. See Section V below. 
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the fixed cost of machines that has to be 
borne regardless of whether jobs are filled or 
not, and any other labor-recruitment costs 
that the firm may have. Since net output y is 
parametric, it may be thought, in general, as 
being net of the part of k that has to be 
borne when the machine is occupied. Other 
costs netted out of y (but not out of k) 
include the cost of raw materials. 

The flow of profit from a job with produc- 
tivity y is given by y — w(y), where w( y) is 
the wage rate. Wages are chosen by firms 
and workers after they meet according to a 
Nash-bargaining rule, in a way described in 
the next section. Let V be the asset value of 
a vacancy (i.e., an idle machine) and J* the 
expected asset value of a filled job, and sup- 
pose there is a perfect capital market with 
fixed interest rate r. Then, the asset value of 
a vacancy must yield a net return that is 
equal to the yield from the vacancy, plus the 
expected capital gain from finding a worker: 


(2) WW -V=—k+aq(J°-V). 


In capital market equilibrium, the free-mar- 
ket yield rV must be equal to what the firm 
expects to get from an idle machine: an 
appreciation V, a net cost k, and a probabil- 
ity ag of filling the job, and so of making a 
capital gain of J°—V. The expected capital 
value of a filled job is the conditional expec- 
tation 


J°=E(J(y)ly2x), 


where J(y) is the expected asset value of a 
job with productivity y. In general, the asset 
value of a job will depend on the productiv- 
ity of the job match, and since only job 
matches at least as productive as x are 
accepted, the best a firm can do when calcu- 
lating the expected profit from a job match is 
to take the conditional expectation of J(y). 
Firms will acquire machines for as long as 
V>0, and will scrap them when V<0. 
Hence, if machines can be bought and sold 
without lags, equilibrium implies V = 0. This 
yields an equilibrium restriction on J®: 


(3) J°=k/a(x)q(8). 
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Equation (3) holds at all times, both in and 
out of steady-state equilibrium. 

The asset value of an occupied machine 
that produces output y, J(y), satisfies a 
condition similar to (2). Recalling that the 
profit from the occupied machine is y—w 
and that the probability of losing a worker is 
s, we obtain 


(4) r(y)-J(y) 
= y—w(y)+s(V—J(y)). 


Since V = 0, this simplifies to 
(5) F(y)=—(y-w(y))+(r +5) Jy). 


Conditions (3) and (5) may be solved for @ 
in terms of a and w(y), which are also 
endogenous. With knowledge of 6, we can 
obtain u and v from (1) and the definition of 
0 =v/u. However, it is more convenient to 
treat @ as the unknown rather than v, and I 
shall be doing this in the development of the 
model. The next task is to specify the wage 
function w( y) and the reservation productiv- 
ity x that determines a. As I will show, they 
may be expressed as functions of @ and the 
exogenous variables, so their determining 
conditions are, like (3) and (5), independent 
of the levels of u and v. 


I. Wages 


Wages are assumed to be determined by 
Nash bargains between the meeting firm and 
worker and to be perfectly flexible; that is, 
there can be continuous renegotiation and 
recontracting.? The (generalized) Nash rule 
says that the surplus from a job match is 
divided between the firm and the worker 
according to a fixed parameter £, 0< $ <1. 
The surplus enjoyed by firms when the pro- 
ductivity of the job is y is J(y)—V, which in 
equilibrium is simply equal to J( y). In order 
to calculate the surplus enjoyed by workers, 
we need to derive expressions for the worker’s 


Similar rules for wages, but in a steady-state equi- 
librium only and without variations in productivities, 
were also discussed by Peter Diamond (1982). 
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net ‘worth (asset value) when occupied and 
when idle. 

Let U be the worker’s asset value when he 
is unemployed and W(y) be his asset value 
when he is employed in a job producing 
output y. Then, if b denotes the worker’s 
return when he is not producing (including 
any unemployment benefits and net of out- 
of-pocket search costs), U satisfies 


(6) rU-U=b+ ap(W°-U). 


where b is assumed to be parametric,’ and 
ap is the transition probability for workers, 
as already defined. The conditional expecta- 
tion W° = E(W(y)|y =x), and it gives the 
worker’s expected net worth from a job, given 
that all jobs with productivity below x are 
rejected, 

If a worker is in a job with productivity y, 
his net worth W( y) satisfies 


(7) rW(y)—W(y) = w(y)+s(U-W(y)) 


This equation has the same interpretation as 
(6): the worker receives w(y) from the job 
(which will in general depend on y) and 
faces a probability s of returning to unem- 
ployment with reward U. 

The worker’s net surplus from a job match 
with productivity y is W(y)—U. I assume 
that the worker gets a fraction £ of the total 
surplus W(y)+ J(y)—U-—V. Hence, wages 
are fixed so as to satisfy the condition 


(8) W(y)-U=(B/0-B)\(4y)-7). 


In equation (8), U acts as the worker’s threat 
point in the wage bargain, and V acts as the 
firm’s threat point. The best that each side 
can do if they fail to agree on a sharing rule 
is to search optimally for another match. 
Then, the parameter 8 may be interpreted as 
a coefficient measuring bargaining strength 
independently of the relative position of the 


°That is, we ignore variations in the intensity of 
search, whereby a worker may increase his contact 
probability p by spending more time searching (thus 
lowering 5). 
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two sides’ threat points. In the symmetric 
Nash case, examined by Peter Diamond, 


B=1/2. 
To derive an equation for wages subtract 
(6) from (7), and rearrange to obtain 


(9) (r+s)(W(y)-U)-(W(y)-U) 
=w(y)—b—-ap(W*—-U). 
Substitute now (8) into (9), noting that (8) 
implies 
W(y)-U=(B/(1-B))(I(y)-V). 


The result is 


(10) (B/-8))[(r +s)(J(y)-V) 
-(F(y)-7)] 
=w(y)—b- ap(W*-U). 
But (2) and (4) imply 


(r+s)(J(y)-V)-(J(y)-V) 
=yt+k-w(y)—aq(J°-V). 


Hence (10) becomes, after rearranging, 
(11) w=(1-B8)b+B(y+k) 
+(1— B)ap(W* -U)— Baq(J°—-V). 


Thus, workers receive a payment b, plus a 
fraction 8 of the net surplus from the job 
y + k — b, plus an amount depending on per- 
ceptions of the gains from employment 
elsewhere, minus an amount depending on 
perceptions of the firm’s gains from recruit- 
ing another worker to the job. If perceptions 
are correct then (8) implies W° — U = (8/ 
(1—8))(\J* —V), and in equilibrium V= 0, 
J° is given by (3), and by definition q = 
p/8. Hence the wage equation (11) becomes 


(12) w(y)=(1—B8)b+B(y +k). 


Equation (12) is the generalized Nash wage 
equation, holding out of steady-state equi- 
librium, but only when perceptions of wages 
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and profits elsewhere are correct and when 
the expected profits from a vacancy are zero. 
In the steady state, this equation becomes 


W(y) = (1- B)b+ B(y + 6k). 


Interestingly, w(y) does not depend on the 
rate of growth of u or of any other variable. 
This property simplifies the short-run dy- 
namic analysis of the model and has some 
strong implications for its behavior. Also, 
with correct perceptions and the zero profit 
condition V = 0, what goes on in the rest of 
the market (for example, the distribution of 
productivities or the rate of structural change) 
influences w( y) only indirectly, through the 
vacancy-unemployment ratio 8. If V+ 0, the 
mean productivity y* and other parameters 
also influence w( y) directly through a third 
term, which vanishes only if u=v (see my 
earlier paper). 

With V=0, any exogenous change that 
raises the vacancy-unemployment ratio raises 
wages because it improves the worker’s threat 
point in the wage bargain, relative to the 
firm’s. For similar reasons, an increase in the 
worker’s return from nonmarket activities b, 
or an increase in the firm’s vacancy costs k, 
also increase wages for given 6. The former 
improves the worker’s threat point, whereas 
the latter deteriorates the firm’s threat point. 
But when account is taken of the effect of b 
and k on @ (see equation (20) below), then 
the effect of k on wages is reversed: an 
increase in the cost of idle capital reduces 
wages, so as to compensate firms for the 
higher nonlabor costs. Finally, a higher 
match-specific productivity y, given the dis- 
tribution of productivities F(y), implies 
higher wages and profits, with wages rising at 
a rate $ and profits at a rate 1— 8. If the 
higher productivity is not specific to the 
match but general, in equilibrium workers 
receive more than a fraction 8 of the in- 
crease, because a general increase in produc- 
tivities increases the vacancy-unemployment 
ratio (see Section VI). 


IV. Job Rejection 
Now, I am in a position to describe the 


choice of reservation productivity by firms 
and workers, and so close the model. 
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Suppose a firm and a worker meet and 
discover that the productivity of their match 
is equal to y. If the firm accepts to form the 
match, it will enjoy an expected return J(y), 
whereas if it rejects it, it will search again 
and so enjoy the expected returns from a 
vacancy, V. Hence firms will be willing to 
accept all matches which satisfy J( y) = V, or, 
since in equilibrium V=0, J(y) 20. It fol- 
lows that the reservation productivity x 
satisfies 


(13) 


Similarly, if a worker accepts a job match 
with productivity y, he will enjoy returns 
W(y), whereas if he rejects it he will go back 
to net worth U. Hence workers accept all 
matches that satisfy W(y) =U, giving a res- 
ervation x satisfying W(x) =U. By the equi- 
librium wage condition (8), the x that solves 
(13) also satisfies the worker’s condition: 
hence firms and workers agree about the 
reservation job, and to obtain its properties 
we need only consider (13). 

The equilibrium x is immediately ob- 
tained from (5) by substituting in it y=x 
and making use of (13). Then w(x) =x, and 
using the wage equation (12), we get 


(14) x=b+(B/(1~- B)) 6k. 


Equation (14) closes the system. It is in 
unfamiliar form, compared with reserva- 
tion-wage formulas derived elsewhere, be- 
cause it already incorporates the equilibrium 
condition V=0. Firms and workers, of 
course, ignore the effect that their actions 
have on equilibrium, so it is not true to say 
that when they choose their reservation pro- 
ductivity they simply look at b, B, 8, and k, 
and calculate it according to (14). But after 
they make their choice of reservation pro- 
ductivity, the creation and closure of jobs in 
the market as a whole will ensure that their 
chosen x behaves according to (14). The 
form of (14) is the most convenient one for 
our purposes because, like the wage rate in 
(12), x is expressed as a linear function of 6, 
and of no other endogenous variable. 

Equation (14) suggests that any exogenous 
change that increases the vacancy-unemploy- 
ment ratio @ increases the reservation pro- 


J(x)=0. 
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ductivity. Thus, despite the fact that both 
workers and firms search and they both agree 
on which job matches to reject, higher job 
availability is associated with more job rejec- 
tion. The asymmetry that gives rise to this 
result is the assumption that the size of the 
labor force is fixed, whereas the number of 
jobs is variable. This puts firms at a disad- 
vantage in the job-matching process, so in 
equilibrium the marginal job with productiv- 
ity x pays the entire product as wages. In 
partial equilibrium models of search where 
only workers reject jobs, higher job availabil- 
ity induces workers to select higher reserva- 
tion wages, so the same relation holds be- 
tween job availability and job rejection.'° 


V. Equilibrium and Short-Run Dynamics 


Equations (3), (5), (12), and (14) contain 
four unknowns: J(y), 0, w(y), and x. We 
may eliminate the wage equation (12) by 
substituting into (5), to obtain 


(15) J(y)=-(1-B)(y—) + BOK 
+(r+s)J(y). 


Hence, equations (3), (14), and (15) may now 
be solved for the three unknowns J(y), 0, 
and x. 

I first express (15) as a linearized differen- 
tial equation in 8, by making use of (3) and 
(14). Using bars to denote steady-state val- 
ues, I write (3) as 


ye k 0 oa 
09 TT a 
_ _ka'(ž) 
a 


But from (14), x — ¥ = (B/(1— B))k(@ — 8), 


If V=O0 is not built into the derivation of the 
reservation productivity level, the formula giving x is 
very similar to the standard reservation-wage formula 
derived in partial-models, except that it depends on both 
the worker’s and the firm’s costs and returns, and not 
only on the worker’s. See my earlier paper. Then, higher 
6 values are not necessarily associated with more job 
rejection, because with a fixed number of jobs (V # 0) 
firms and workers are treated with full symmetry. 
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so substituting into (16), we get 


k k 


O12) I= Tq)” ala) 





Taking now conditional expectations of (15), 
we obtain 


(18) J*=—(1-£)(y*-5) 
+ BOk+(r+s)J°. 


Substution of J? and J* from (17) into (18) 
yields the equation in 8: 


(19) 0=[A-2)(9"-b)-(r+5) E] 


x 





ne 
q 


, , B -1 
+ +s stalta Z fzr] 2 


The arguments of a and q have been omitted 
for notational convenience, it being under- 
stood that all coefficients are evaluated at @. 
Equation (19) is a fixed-coefficients dif- 
ferential equation in 8. Since q’(@) < 0, a’(x) 
<0, the coefficient of 0 in (19) is positive, 
making it an unstable equation. Hence, the 
only perfect foresight solution for @ is its 
steady-state value 9. If 6 + 6, the system will 
diverge on. an explosive path. Thus, if any 
parameter of the system changes, @ will ad- 
just immediately to its new steady-state value. 
This steady-state value is given by (19) when 
6=0 and 0 =ĝ: 
(20) 


r+s 
a(X)q(@) 


Equation (20) gives the value of @ both in 
and out of steady-state equilibrium. By the 
wage equation (12) and the reservation pro- 
ductivity equation (14), both wages and the 


+p5=(1-8)> 


. reservation productivity are also always at 
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their steady-state values, W(y) and x. But 
unemployment is a predetermined variable 
and adjusts according to (1): 


(21) 


During the economy’s adjustment, both x 
and @ are at their steady-state values so, 
since @ is defined as the v/u ratio, vacancies 
change along with unemployment, in such a 
way as to ensure that 9 is constant. This 
simply requires that vacancies change in the 
same proportion as unemployment; that is, 
b/v=iu/u, or, using the @ notation, 6 = 6a. 

Now, it was argued in Section I that ad- 
ditions to unemployment may take place also 
endogenously, following a rise in the reserva- 
tion productivity x for given distribution 
F(y). This possibility introduces a further 
element into the unemployment dynamics of 
equation (21), which, because of the behavior 
of x, is easy to deal with. Thus, if following a 
parametric change, some jobs are no longer 
viable, the firm and worker are involved 
separately, creating an immediate inflow 
into unemployment. Following this impact 
change, unemployment changes smoothly ac- 
cording to (21). 

In contrast to increases in unemployment, 
there are no impact changes when the res- 
ervation productivity falls. It is not possible 
for unmatched firms and workers to come 
together and form jobs which they had re- 
jected earlier, other than through the search 
process. Thus, unemployment behaves asym- 
metrically on impact: following a rise in x 
relative to the distribution of y, there is an 
immediate rise in unemployment followed by 
smooth adjustment; following a fall in x 
relative to F(y), unemployment changes 
smoothly from the start. 

I shall illustrate the properties of this model 
by considering its response to a shock that 
may reasonably be argued to correspond to 
what we typically observe over a business 
cycle. 


u=s—[s+a(x)p(8)|u. 


VI. Response to Output Shocks 


Consider a multiplicative real shock to the 
output from each job, y, and to the cost of a 
vacancy k. Thus, output and capital costs 


SEPTEMBER 1985 


rise in equal proportion, but the worker’s 
alternative return b does not rise. This causes 
a differential change in the net returns that 
workers and firms get from employment, 
producing some real responses of the endog- 
enous variables. 

It could be argued that this change in 
relative costs and returns is the main channel 
through which the business cycle affects the 
labor market: there is a general rise in output 
prices and costs, unaccompanied (in the short 
run at least) by changes in the value of the 


workers’ alternative return (compare Mc- 
“Donald and Solow, p. 896). As I show, the 


response of real wages, number of jobs and 
unemployment to this kind of shock simu- 
lates the observed stylized changes of these 
variables over a typical cycle. In particular, 
real wages fluctuate by less than output and 
other costs, and, as a consequence, the v/u 
ratio rises in the peak and falls in the trough, 
and unemployment falls in the peak and 
rises in the trough." i 

Suppose then y and k depend on a 
parameter h, and write 


y(h)=(1+h)y; 


J evaluate the effect of (unanticipated perma- 
nent) changes in A at the point A =0.'? It is 


k(h) = (1+ A)k. 


117 show below that the system is neutral to a multi- 
plicative shift in y, k, and b, so the response to a 
multiplicative shift in y and & is the same (but of 
opposite sign) as the response to a multiplicative shift in 
b. This seems to suggest that the effects of changes in 
unemployment benefits, which can be represented by 
changes in b, are similar to the effects of the cycle. Two 
caveats should be noted here. First, cyclical shocks are 
short-lived, whereas the effects of changes in benefits are 
thought to be permanent. This does not make a qualita- 
tive difference to modeling the two kinds of shocks, but 
it does make a difference when it comes to an interpreta- 
tion of the data. Second, if a multiplicative shock to y 
and k persists (like, for example, technological changes 
do) it is unlikely that b will remain unaffected. The 
value of workers’ time in nonmarket activities now is 
not what it was in the last century, surely because of 
large technological improvements in production and rises 
in the standard of living. 

122The modeling of cyclical shocks as a series of 
unanticipated permanent shocks in a perfect foresight 
model, such as the one of this paper, may be criticized 
on the grounds that agents will eventually realize the 
regularity of the shocks and incorporate them into their 
decisions. The motivation for the modeling of shocks in 


VOL. 75 NO. 4 


convenient to derive first the effect of changes 
in k on yf and a. To do this, we need to 
write expressions for a(h) and y*(h) for a 
new distribution function g(y), which lies to 
the right of the old distribution f(y) and it 
is also more spread out. Consider first a(h).° 
By definition, 


a(h) =) 280) dy, 


whereas at h=0O, 


a= Í f(y) ay. 


To compare the two expressions, let us ex- 
press g(y) in terms of f(y), by noting that 
the change from f(y) to g(y) is achieved by 
multiplying y by (1+ h). The fact that densi- 
ties must integrate to 1 implies 


1= fely) dy=cf (<2) a, 


where c is a normalizing constant. Let z= 
y/(1+h), hence 


1= cf f(z)(A+ hydz =c(1+h), 


and so c= 1/1 + h). 
Now, returning to the expression for a(h), 


we have 
Piy sata) ® 


or, changing the variable of integration to z, 


alh) = f f(z) dz. 


x(h)/ (L+ h) 


a(h) = 


this paper is, first, that forecasts of the timing and 
intensity of shocks are not good, even though agents 
may know that some shocks will occur, so shocks con- 
tain most of their news value when they occur. Second, 
the paths of unemployment, vacancies, and real wages 
between turning points are dominated by endogenous 
adjustments following substantial shocks that disturb 
the equilibrium, rather than by responses to frequent 
serially correlated shocks. 

3] am indebted to a referee for suggesting the method 
of derivation of a(h) that follows. 
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By a similar argument, we can derive 
y*(h) =a(h)™ i ae z(1+h) f(z) dz. 
x(h)/( + h) 


Hence, differentiating a(h) and y°(h) with 
respect to A, and evaluating at 4=0, we 
obtain 


eD) a= -(FE-x) M12); 


(23) nye (yea) 


The acceptance probability changes only if 
the reservation productivity does not change 
in the same proportion as the exogenous 
productivities. Similarly, the mean condi- 
tional productivity changes by the same pro- 
portion as each individual productivity only 
if the acceptance probability is unaffected by 
the change. 

To see now the crucial role played by 
wages in inducing real responses to changes 
in h, consider the unemployment equation 
(21). Unemployment will respond to changes 
in A if a(x) or p(@) respond to them. But in 
the derivation of x in (14) we saw that in 
equilibrium x= w(x). Therefore, if wages 
change in the same proportion as productivi- 
ties, x will also change in the same propor- 
tion, and from (22) we get that a(x) will be 
unaffected by the change. 

Similarly, we derived ð from (3) and (5), 
by noting that along the perfect foresight 
path 6 = 0. Hence J = 0, and (3) and (5) give 


(r+s)k 


ares Ear 


-If wages change in the same proportion as y 


and k, a(x) is unaffected, so from (23) and 
‘an equivalent expression for w°, we obtain 
that p and wf also change in the same 
proportion. Hence, with a(x) constant, and 
yf, w‘. and k changing by the same propor- 
tion, q(@) and @ must be unaffected by the 
change in h. 

It follows then that neither unemployment 
nor vacancies will change if wages change in 
the same proportion as output and costs. But 
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the wage equation (12) implies that wages 
will change in the same proportion as y and 
k only if b changes in the same proportion 
too, for then @ is constant. Hence, an 
equiproportional change in b, y, and k is 
absorbed entirely by wages, and has no em- 
ployment effects. But if the worker’s alterna- 
tive return b is not as sensitive to the shocks 
as productivity and capital costs, wages will 
not respond fully to the shocks and there will 
be real effects. 

To derive the full effects of the shock when 
b is fixed, I return to the condition determin- 
ing 9. This is given by equation (20), rewrit- 
ten as (noting that q = p/0) 


(r+s)0 
a(h) p(@) 


Differentiation with respect to h yields 


y(h)—b 


a); K(L+ hy” 


+ 86 = (1-8) 


us _(1-8)b ne 





as) [50-a]; 


where 7 is the elasticity of p(@) and it is less 
than 1. Hence 06/dh > 0 unambiguously. 

The reservation productivity rises too, 
since, from (14), 


(26) = coal S+) >0. 


But the increase in x is not as big as the 


increase in y and so the acceptance probabil- 
ity rises. Substitution of (26) into (22) yields 


da B „28 
Fh =(-3 Z kz Pa b) 42), 
and by making use of (25), we obtain 


(27) [(r+s)(1-n)/(ap)+ß]3a/ðh 


= (r+s)(1— n)bf(x)/(ap) > 0. 


The results that I have derived so far take 
place instantaneously, as soon as the change 
in h is realized. The equations that I have 
used hold both in and out of steady-state 
equilibrium, so the instantaneously observed 
changes in @, x, and a are also the final 
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changes. By contrast, unemployment does 
not change'on impact if a increases: it rises 
if a decreases, as the now unacceptable jobs 
break up. But following these impact changes, 
unemployment changes in response to the 
changes in a and p(@) according to (21). If 
h > 0, unemployment starts falling towards a 
new steady-state equilibrium, since both con- 
tact probabilities p(8) and acceptance prob- 
abilities a(x) rise. if h <0 unemployment 
rises. 

Returning now to the wage equation (12), 
we find that the response of wages to the 
shift parameter h is 


(28) dwt, y) 





= B(y + 0k) + Bk 


The change in wages is proportionally less 
than the change in y or k, despite the term 
Bk06/dh. By making use of (25), it can be 
shown that 


dw(y) 1 
dh_w(y) 


Profits, as a result, rise by more than in 
proportion, so firms increase the number of 
job offers. Also, because the rewards avail- 








` able to firms and workers who reject jobs are 


relatively less than before, they are more 
willing to accept jobs than before. Thus, in 
terms of wages and output, what we observe 
in the market is an increase in the value of 
output accompanied by a partial response of 
real wages, leading to more job vacancies 
and more job acceptances. 

Following these changes unemployment 
starts falling, as both job contacts and job 
acceptances increase. The lower unemploy- 
ment leads to a decrease in the number of 
jobs taken up (since the number of searchers 
falls with every fall in unemployment) and 
an increase in the number of job separations 
(because the’ employment rate increases). 
Eventually a new equilibrium is reached with 
lower unemployment, higher wages and 
profits, and higher v/u ratio. 

Vacancies increase at first on impact so as 
to drive @ up to its new equilibrium level. 
Then, as unemployment starts to fall vacan- 
cies fall too, since, with a constant 0, 6 = ĝù. 
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Thus, in the first phase of expansion, vacan- 
cies overshoot their new equilibrium value. It 
is not possible to say whether the final equi- 
librium value of vacancies is above or below 
the old equilibrium value. At the point ù = 0, 
we have 


(29) 00/0h = ud0/dh + 80u/dh, 
where, from (21), 


(30) 


ou _ Pu a | 


oh s+ap oh 


pa 00 
"6(s+ap) dh 


Hence, substituting into (29), we obtain 


(31) 
06 pud da 
oh s+ap ðh 


si+(1—7) pati 00 
s+ap ðh` 


This cannot in general be signed, if only 
because da/dh depends on f(x), which 
makes a comparison between the two terms 
in (31) inconclusive. Equation (31) points to 
the fact that there are two effects on equi- 
librium vacancies. A positive effect from the 
increase in 0, and a negative one from the 
increase in the acceptable job matches. In 
general we cannot say which effect dominates, 
but if f(x) is small, the positive effect through 
9 will dominate. 

The behavior of unemployment and va- 
cancies in response to a positive and negative 
shock h is shown diagrammatically in Figure 
1. The 4 =0 locus slopes downwards under 
the assumption 


— ap’(8)+ p(B/(1— B))kf(x) <0. 


That is, when the effect of vacancies on 
unemployment -through job availability 
dominates the effect through the increase in 


14 This kind of ambiguity frequently arises in models 
of search, except that it is discussed only in relation to 
unemployment. Here it does not arise on the unemploy- 
ment side because the cause of a rise in @ is a positive 
output shock, which increases the acceptance rate de- 
spite the increase in 8. The common conjecture is that 
the effect through job availability normally dominates. 
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FIGURE 1. THE EFFECT OF MULTIPLICATIVE OUTPUT 
SHOCKS ON VACANCIES AND UNEMPLOYMENT 


reservation productivities (holding output 
and all other variables constant; see the dis- 
cussion in the preceding paragraph and in 
fn. 14). Under the reasonable restriction 
p’(8) <0, the locus is also convex to the 
origin if the job availability effect dominates, 
but this is not important for our purposes. 
The stable trajectory (saddlepath) is the @ = 6 
locus, shown by the straight line through the 
origin. 

Suppose the economy is initially at £,, 
and a positive multiplicative shock takes 
place. Then, on impact, @ rises (say from 6, 
to @,) pivoting the stable trajectory to the 
left. The economy jumps on impact from E, 
to E,, on the new trajectory. The ù= 0 locus 
also shifts inwards, because of the increase in 
@ and a(x), say from u,=0 to #,=0. At 
point E, both vacancies and unemployment 
start falling towards the new long-run equi- 
librium £,, where unemployment is lower, 
but vacancies may be lower or higher than 
at E,. 

Now if, starting at E,, there is a negative 
shock of a similar magnitude the curves shift 
back, so the new equilibrium is at E}. But 
now the point reached on impact is not E,, 
but some point to the right of it, like Zj. The 
reason for this is that at the time of the 
negative shock, the number of acceptable job 
matches falls. So there are some jobs which 
are no longer acceptable, and these break up 
immediately, leading to an immediate in- 
crease in unemployment. Following this ini- 
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tial impact, the economy travels smoothly 
from E; to E, along the stable trajectory. 
Thus during contractions the economy’s ad- 
justment is faster than during expansions, 
and the cycle that it traces about the ù= 0 
curve is of less amplitude.’ 

Finally, it should be noted that observed 
mean wages and output in the market change 
less than the wage or output of a typical job, 
y. The observed mean output is y® and the 
observed mean wage is 


(32) w*=(1-B8)b+B(y*%+ 6k). 


It follows immediately from (23) that the 
proportional change in y7 is less than 1: the 
number of acceptable jobs increases (if h > 0) 
adding some low productivity jobs to those 
already in the market. As a result, there is 
another dampening effect on mean wages, 
besides (1— 8)b. Like the effect of a on 
unemployment, this dampening effect oper- 
ates with a lag in an expansion, leading to a 
mild overshooting of mean productivity and 
wages in the first stages of expansion. But in 
a contraction it operates without lag, so the 
response of mean wages and productivity on 
impact is less in contraction than in expan- 
sion. 


VII. Conclusions 


Early search theory was effectively crit- 
icized for its exclusive reliance on supply-of- 
labor responses and for not providing an 
adequate theory of wages (see, for example, 
James Tobin, 1972). The model presented in 
this paper meets both of these criticisms by 
treating supply and demand symmetrically, 
and by relying on vacancies as a link be- 
tween output shocks and unemployment. 
Thus, wages are endogenously determined by 
bargaining at the individual level and they 


15The i = 0 curve is often referred to as the Beveridge 
curve. The argument of this paper suggests that the 
Beveridge curve is not stable over the cycle, as is nor- 
mally assumed. The evidence concerning the British 
curve in the 1960’s and 1970s is discussed in my paper 
with Jackman and Layard. Hansen also derived the 
anti-clockwise loops in u—v space, but he relied on 
ad hoe adjustment equations with, a speculative compo- 
nent in vacancy decisions, giving him the lead of vacan- 
cies over unemployment. 
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are fully flexible, so firms and workers al- 
ways agree about which jobs to accept and 
which to reject. But the supply of vacancies 
is determined exclusively by profit-maximiz- 
ing firms, so workers may find themselves 
unemployed for lengthy periods of time be- 
cause of limited vacancy availability. 

The comparative static predictions of the 
model are similar to those of contract theo- 
ries, and other theories that developed partly 
in response to the criticisms of early search 
theory. A shock to labor’s marginal and 
average product is absorbed partly by real 
wages and partly by employment. The role 
of some alternative return to labor that is 
insulated from the shock is crucial in this 
prediction. But unlike other recent theory, 
the model can shed light on the adjustment 
paths of the endogenous variables. Search 
considerations suggest that unemployment is 
a sluggish (predetermined) variable and if we 
add to this the assumption of nonprede- 
termined vacancies (and also of nonprede- 
termined real wages and reservation prices) 
we can derive unique perfect-foresight ad- 
justment paths for all the endogenous vari- 
ables. The role of vacancies in pushing the 
economy to its unique perfect-foresight path 
is crucial: at the onset of expansions and 
recessions, vacancies have to overshoot their 
equilibrium value and return subsequently to 
equilibrium, tied to unemployment. By con- 
trast, real wages and reservation prices 
change only in response to news, and even 
then they do not fully reflect the output 
shocks. Thus, in contrast to unemployment 
which is highly serially correlated, changes in 
(productivity-corrected) real wages shculd be 
small and uncorrelated, unless the shocks are 
serially correlated. Moreover, the model pre- 
dicts that the response of unemployment to a 
negative shock should be faster than its re- 
sponse to a positive shock. Both of these 
predictions are consistent with the time series 
data on real wages and unemployment (Al- 
tonji and Ashenfelter; Neftci). 

A possible objection to the model is that 
although its predictions conform to the com- 
monly observed anti-clockwise loops in 
vacancy-unemployment space in Britain, it 
predicts too much response to news. Thus, 
empirically vacancies do not seem to over- 
shoot their equilibrium value to the extent 
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that the model predicts, and some may argue 
that real wages sometimes behave like a pre- 
determined variable. However, it would need 
a much more careful study of the data than 
now available to establish the validity of 
these propositions; for example, there is no 
analysis (to my knowledge) of the effects of 
news in labor markets, of the kind that one 


finds in recent research on asset markets. But - 


in addition, more sluggishness may be incor- 
porated into the model by realizing that there 
may be predetermined elements in some 
aspects of vacancy decisions. For example, 
the extent to which firms can open up new 
vacancies in response to news may be limited 
by their ability to acquire new capital. Then, 
in expansions the initial jump in vacancies 
may be checked, and changes in the vacancy- 
unemployment ratio may continue after the 
revelation of news. Real wages would then 
change sluggishly during adjustment, despite 
continuous recontracting, because of their 
dependence on the vacancy-unemployment 
ratio. 

A formal model incorporating these ele- 
ments would have to deal with the asymme- 
tries that are likely to arise in booms and 
recessions. The availability of capital will not 
introduce sluggishness into vacancy decisions 
in a recession, though it might do in a boom. 
This paper has made a start at the formal 
analysis of short-run dynamics by making 
the simple assumption of predetermined un- 
employment vs. nonpredetermined vacan- 
cies. Generalizing this assumption may shed 
more light on the extent of fluctuations in 
response to news in labor markets, but it is 
not likely to alter the general patterns of 
adjustment derived.'® 


léjf output shocks are to some extent anticipated, as 
they might if they are associated with regular cycles, the 
response of vacancies and real wages to them will also 
be less pronounced and more spread out. Less than 
perfect anticipations have the effect of spreading out the 
revelation of news, with predictable results. 
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International Trade and Labor Migration 


By WILFRED J. ETHIER* 


Footloose labor is prominent in the con- 
temporary international economy. Migrant 
workers have accounted for up to a quarter 
of the Swiss labor force, and 10 per cent of 
that of northern Europe generally. A number 
of American industries now depend heavily 
upon migrant labor (both legal and illegal) 
from Mexico and the Caribbean. South Asia 
supplies a large part of the labor for oil- 
financed Middle Eastern economic develop- 
ment. Pakistan, for example, now earns 
almost three-quarters as much foreign ex- 
change from the remittances of temporary 
migrants abroad as from conventional ex- 
ports; China has begun formally to contract 
the export of labor services. 

For years, a number of European coun- 
tries have administered formal guest-worker 
systems, and it has become commonplace to 
argue that such arrangements have helped 
insulate native populations from the rigors of 
industrial fluctuations and have also allowed 
the preservation of import-competing in- 
dustries that would have succumbed com- 
pletely to foreign competition without a 
supply of cheap migrant labor. But note the 
possibility of a latent contradiction between 


*Professor of Economics, University of Pennsylvania, 
3718 Locust Walk/CR, Philadelphia, PA 19104. This 
paper has benefited from seminar discussions at the 
universities of Pennsylvania and Rochester, the Institute 
for International Economic Studies in Stockholm, the 
Stockholm School of Economics, the Bijeenkomst 
Vakgroepen International Economies at Erasmus Uni- 
versity on May 21, 1982, the 1982 NBER Summer 
Institute, and Columbia, Tel Aviv, and Yale universi- 
ties. Helpful comments were also contributed by Eitan 
Berglas, Rob Feenstra, Gene Grossman, Lars Svensson, 
Chuck Wilson, and several anonymous referees, 

lAn excellent general treatment of labor migration 
may be found in Michael Piore (1979). See U. Hiemenz 
and K. W. Schatz (1979) for details about foreign workers 
in Germany, Ariadne Marshall (1973) for the Nether- 
lands, C. Kennedy-Brenner (1979) for France, A. F. 
Corwin (1978) for Mexican migrants in the United 
States, J. S. Birks and C. A. Sinclair (1980) for the 
Middle East, and K. C. Zachariah and J. Conde (1981) 
for West Africa. 
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these two alleged benefits: preserving jobs 
for native workers in the face of an economic 
downturn by sending migrants home re- 
quires the two types of labor to be sub- 
stitutes, but preserving domestic jobs by 
hiring cheap migrant workers requires com- 
plementarity. It is evident, then, that formal 
analysis is necessary to understand these 
host-country issues. - 

Although migrant labor has generated a 
large descriptive literature, formal econom- 
ic treatment is scanty, especially in compari- 
son with that accorded international capital 
movements. Two basic approaches may be 
noted. The first is concerned with the brain 
drain. The characteristic feature here is the 
coincidence of labor movements with that of 
human capital. Since the present paper is by 
contrast motivated by the large-scale move- 
ments of temporary migrants with few skills, 
I shall not allude further to this literature. 

The second approach has been simply to 
introduce international labor mobility into 
standard factor-endowment models of inter- 
national trade.” This results, for the most 
part, in treating migration symmetrically 
with international capital mobility. There can 
be no doubt that this approach is valuable. 
Useful insights have emerged, and the stan- 
dard trade models have done all that can 
reasonably be asked of them. But, at the 
same time, certain central characteristics of 
contemporary experience are fundamentally 
alien to this approach. 

At the risk of some oversimplification, one 
might isolate the following stylized facts as 
characteristic? of a preponderant share of 
modern migration. 


2See. Bertil Ohlin (1967, ch. XVI), W. Max Corden , 
(1955), Harry Johnson (1965, ch. III, part II), Murray 
Kemp (1969, ch. 9), James Markusen and James Melvin 
(1979), Avinash Dixit and Victor Norman (1980, pp. 
146-49), Jagdish Bhagwati and Richard Brecher (1980), 
Brecher and Bhagwati (1981), and Bhagwati (1979). 

3See the books mentioned in fn. 1, plus further 
references cited in those works. 
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(i) Migration is regarded as temporary. 
Migrants typically intend to work abroad 
only long enough to accumulate nest eggs to 
establish themselves back home, and host 
countries typically issue temporary work per- 
mits. Although both sometimes discover that 
“you can’t go home again,” the common 
view of migration as temporary is a distinc- 
tive characteristic of its role in the host-coun- 
try economy. The employment arrangements 
of native labor are by contrast generally re- 
garded as much more permanent. 

(ii) Migrant labor and native labor are 
imperfect substitutes in production. ït is often 
said that migrants hold jobs which native 
workers would not accept, and this seems to 
be crucial to the political acceptance of im- 
migration in host countries. But, as noted 
above, complete complementarity would pre- 
clude attempts to use migrants to shield na- 
tive workers from the business cycle. 

(iii) Migrants accept unpredictable vari- 
ations in employment conditions more readily 
than do native workers. The latter typically 
possess a degree of job security not accorded 
migrants. 

(iv) Migrant labor seems to be in practi- 
cally unlimited supply at exogenously de- 
termined (but sometimes changing) terms. 
Once they have established connections with 
source-country labor pools, host countries 
generally experience little difficulty in re- 
cruiting all the migrants they are willing to 
accept. When changing conditions close off 
one source of supply, other sources are 
quickly found. 

(v) Host countries typically experience 
much international capital mobility as well as 
labor mobility. Both direct investment and 
portfolio investment transactions tend to be 
large. But general conclusions are not obvi- 
ous about either the directions or net amounts 
of physical capital movements. 

Although some of these characteristics can 
indeed be embodied into traditional trade 
models in quite straightforward fashion, 
others clearly cannot, and the stylized facts 
(i)-(v) on the whole describe a quite differ- 
ent world. Thus a new theoretical approach 
is needed. The present paper attempts to 
develop a theory that embodies the five char- 
acteristics and yet remains consistent with 
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standard factor-endowments theory in the 
sense that the latter emerges as a special 
case. I then use the new theory to analyze the 
role of migration in host countries, address- 
ing, for example, the questionable relation 
between the two frequently alleged benefits 
referred to above. 


E International Equilibrium 
A. Migrant Labor and Traded Goods 


A small country, call it Switzerland, pro- 
duces a traded good, say chocolate. Choco- 
late is only a minor component of the Swiss 
consumption bundle: assume for simplicity 
that all chocolate is exported. These exports 
pay for imports of a composite traded good, 
which is consumed, and for the services of 
migrant labor. 

Chocolate is produced by native labor and 
migrant labor, which are imperfect sub- 
stitutes for each other. I assume that choco- 
late output is given by Nf(m), where N 
denotes the employment of native labor, m 
the ratio of migrant to native labor em- 
ployed, and f is a neoclassical production 
function (so that f’>0 and f” <0). 

Switzerland is too small to influence the 
relative prices of her imports, which can 
accordingly be treated as a single good, but 
the country is a sizable source of supply in 
the market for chocolate. Thus the price of 
chocolate (in terms of imports, i.e., Switzer- 
land’s commodity terms of trade) depends 
upon Swiss supply. It also depends upon the 
state of nature; for simplicity I assume there 
are only two possible states, each with prob- 
ability one-half of occurrence. Thus equi- 
librium in each state is described by 


(1) X,D(P,)=eNf(m,), 
(2) — XpD( Py) = Nf(ms). 


A subscript refers to the state of nature, 
D(P;) denotes the state-invariant component 
of world demand for Swiss chocolate, X; is 
the. random variable, and P, denotes the 
price of Swiss chocolate.in terms of the 
numeraire: imports. N is the employment of 
native labor in state B, and e denotes the 
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ratio of state A employment of natives to N. ` 
I label as A the state resulting in lower 
native employment, so e <1. Migrant labor 
is in perfectly elastic supply at an exogenous 
(but possibly state-dependent) wage, and 
firms can decide their employment of mi- 
grants after the state of nature is realized. 
Firms maximize expected profit and so in 
each state hire migrants to ensure 


(3) f'(m4) = 04/P 4. 
(4) | f'(ms)=v3/Pr, 


where v; denotes the exogenous migrant wage 
in state i. 


Equations (2) and (4) jointly determine the . 


state B terms of trade P, and production 
technique m,, provided that Nis given ex- 
ogenously. Equations (1) and (3) yield a rela- 
tion between P,, e, and m,. Solving out m, 
yields 


(P,/e)(d,/aP,) =- p4/(1— bma). 


In this expression p4 = 8440, +(1— Omana 
where. o, n; and @,;, respectively, denote 
state i elasticity of, substitution between 
native and migrant labor (— f’(m,)[1— 
(m,f’(m,)/f(m,)\/m,f"(m,)), elasticity of 
demand for Swiss chocolate (— P,D’(P;)/ 
D(P;)), and migrant labor’s distributive share 
(m,f’(m;,)/f(m,)). Next, denote by a, the 
value of the marginal product of native labor 
in chocolate production in state i: 


a= P,[ f(m,)—m,f'(m,)]. 


Note that a, will be determined by (2) and: 
(4), given N, but that a, depends upon the 
actual combination of e and P,. The latter 
cannot be specified independently of the. na- 
tive labor market, about which I have as yet 
said nothing. 

Relations (1), (3), and the definition of a, 


imply ; 
(5) 


where a circumflex denotes proportional 
change. Since e denotes the ratio of state- A 
employment of natives in the chocolate in- 


ê= — pay, A 
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FIGURE 1 


dustry to state B employment, it can be 
interpreted. as a measure of. employment 
volatility: lower values of e indicate more 
native employment volatility. Similarly, with 
ap set by equations (2) and (4), lower values 
of a, indicate more volatility across states of 
the marginal productivity of native workers 
in the chocolate industry (and thus, in a 
sense, of the degree of Switzerland’s com- 
parative advantage in chocolate production). 
Equation (5) then says that the international 
markets in which Switzerland deals present 
that country. with a basic tradeoff: by accept- 
ing more volatility in the degree of compara- 
tive advantage, chocolate employment can 
be rendered less volatile. This. tradeoff is 
depicted by the International Markets sched- 
ule, labeled JM in Figure 1. This curve, 
which from (5) has an elasticity of p,, shows 
for each value of a, that level of e con- 
sistent with equilibrium in the two interna- 
tional markets (chocolate and migrant labor) 
in which Swiss firms deal. 


B. -The Substitution of Migrants for 
Native Workers . 


The terms of the tradeoff along the Inter- 
national Markets schedule are measured by 
the basic substitution elasticity p4: the greater 
the degree of substitutability, the greater the 
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reduction in employment volatility that can 
be “purchased” by an increase in compara- 
tive advantage volatility. Note that p, is 
made larger by larger values of both the 
elasticity of production and the elasticity of 
demand for chocolate, and that a rise in the 
relative importance of migrants in produc- 
tion, as measured by 9,,,, will raise or lower 
p, as the elasticity of substitution is greater 
than or less than the elasticity of demand. 
These elasticities are also crucial in de- 
termining how the location of the Interna- 
tional Markets schedule relates to the sto- 
chastic process confronting Switzerland. This 
process is summarized by the values of 
(v,, X4) and (vg, Xg). Consider how changes 
in v, and X, shift the ZM schedule, with 
(Ug, Xp) held fixed as a point of reference. 
Suppose, first, that X, rises. Equations (1) 
and (3) reveal that if ê= X, (a circumflex 
denotes proportional change), this will be 
consistent with unchanged P,, m,, and, 
therefore, a4. Thus the International Markets 
schedule -shifts up in the proportion X,. 
Given the degree of comparative advantage 
in state A, a rise in world chocolate demand 
allows an equiproportional rise in native em- 


ployment, and in migrant employment as. 


well. The ability to hire migrants allows the 
` productivity of native workers to be main- 
tained, free of the penalty of diminishing 
returns, regardless of the degree of substitut- 
ability between the two types of labor. 
Suppose, next, that v, increases instead. 
Equation (3) reveals that, if m, remains 
unchanged, P,=6,. Thus from the defini- 
tion of a,, 4, = P, = ô; as well. Also, equa- 
tion (1) requires that ê= — ņ4P4 = — 1404. 
Thus the effect of an increase 6, in state A 
migrant wages can be depicted as a right- 
ward shift of the JM schedule in the amount 
ô, accompanied by a downward shift of n404- 
Now we can see from (5) that, for a move- 
ment along the IM schedule, a rightward 
movement of 6, must be accompanied by a 
downward movement of p404. Thus the net 
effect of the rise in v, must be to shift up the 
International Markets schedule if and only if 
p404>46,, which is equivalent to 0, > 4. 
This reflects that fact that a rise in the state 
A cost of migrant labor influences native 
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employment in two ways. On the one hand, 
natives are substituted for the now-more- 
expensive migrants; high values of o, obvi- 
ously facilitate this substitution. But the rise 
in v, also raises the cost of chocolate pro- 
duction, and thus the price that Swiss firms 
must charge. This. will reduce world demand 
for Swiss chocolate and thereby terid to de- 
press native employment; high values of 7, 
obviously magnify this effect. Thus it is not 
surprising that, given a,, higher migrant 
wages v, correspond to higher native em- 
ployment levels e if and only if a, > n4- 

The present model in a very simple way 
gives the degree of substitutability between 
native labor and migrants very definite roles 
to play: setting the terms of the tradeoff 
between employment volatility and terms of 
trade volatility, and helping to position the 
International Markets schedule. To see where 
the economy actually operates on this trade- 
off requires consideration of the native labor 
market, to which I now turn. 


C. The Native Labor Market 


This paper distinguishes migrants from na- 
tive workers in two crucial ways. The previ- 
ous subsection focused on the assumption 
that the two types of labor are imperfect 
substitutes in production. Now I focus on 
the second difference: the way each type 
relates to chocolate firms. Migrants can be 
hired freely by domestic firms at prevailing 
wages once the state of the world becomes 
known, but firms and native workers have a 
more long-term relationship. In particular, 
they establish a (possibly implicit) contract- 
ual relationship before the state of nature 
becomes known.* 

In light of stylized fact (v) noted in the 
introductory remarks, I assume that Switzer- 
land is integrated into the world capital 
market in the sense that chocolate firms are 
owned by capitalists with globally diversified 
portfolios. Further, I suppose that this capital 
market affords complete opportunities to 


*This subsection draws upon the early implicit con- 
tract literature. See for example, Costas Azariadis (1975). 
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hedge Swiss risks, so that the integration is 
manifested by risk neutrality on the part of 
chocolate firms. 

The contractural arrangements between 
firms and native workers potentially can take 
alternative forms. Two cases seem worthy of 
mention. In what I term the European mode, 
the contract fully specifies the transaction 
that will take place irrespective of the state 
of nature that actually materializes: a firm 
that takes on a worker commits itself to 
employ him at a predetermined wage, come 
hell or high water. Thus ex post discretion 
for the firm is limited to the migrant employ- 
ment decision. This contract form is in- 
tended to model situations where legal re- 
strictions, trade unions, etc., in effect leave 
firms with little ability to lay off workers. 

Native employment is therefore invariant 
across states, in the European mode, and 
equals the exogenously determined native 
labor force, when markets clear in equi- 
librium. Thus e =1 and N equals the supply 
of native workers. 

I assume that chocolate firms are rational 
in the sense that, although they do not know 
in advance what the state of nature will be, 
they do understand sufficiently well the world 
in which they operate to know what would 
happen in each state. In particular, they know 
P, and P, and anticipate hiring migrants as 
described in Section I, Part A. Thus a, and 
a, are known to the firms. 

Risk-neutral firms maximize expected prof- 
it, and this expected profit is driven to zero 
in equilibrium by the entry and exit of firms. 
This implies, in view of (3) and (4), that the 
equilibrium (state invariant) native wage 
equals the expected value of the marginal 
product of native labor: (a, + a ,)/2. 

In the alternative schema, which I call the 
American mode, firms and workers negotiate 
a state-dependent contract. This contract 
specifies the wage to be paid in each state to 
employed workers, and the conditional prob- 
ability for each state that a worker under 
contract would not be laid off, should that 
state materialize. I-assume for simplicity that 
the identities of laid-off workers are de- 
termined by a random draw from all con- 
tracted workers once the state of nature is 
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known. Thus the probability of not being 
laid off should state i materialize equals state 
i employment as a fraction of total contracts. 

Risk-averse workers prefer higher wages 
and higher probabilities of not being laid off 
—JI assume that, unlike capitalists, workers 
cannot diversify risks away in the interna- 
tional capital market. Since chocolate firms 
compete with each other in the labor market, 
no firm would contract more native labor 
than it planned to employ in the more 
favorable state, B, since to do so would only 
make its contracts less attractive to workers. 
Thus the conditional probability of a con- 
tracted worker retaining a job is unity in 
state B and e in state A. Workers who are 
laid off from the chocolate industry are em- 
ployed in a secondary sector which produces 
the composite traded good, using only native 
labor, at constant marginal productivity a. 

Let A(w) denote the strictly concave util- 
ity function of each native worker. If w, 
denotes the native wage in state i, the con- 
tract (w4,W,,e) will yield a worker the ex- 
pected utility 


(6) u(w,4,W,,e) = th(wz) 
+4[eh(w,)+(1—-e)h(a)]. 


In what follows I analyze in detail only the 
American mode. Modifications implied by 
the European mode are easily noted. 


D. Equilibrium in the Native Labor Market 
(American Mode) 


Each chocolate firm is competitive in the 
market for native workers, so the contract it 
offers must yield utility u(w,, Wg, €) equal to 
the market determined level u. Thus the de- 
cision problem faced by each chocolate firm 
is to choose (w4, Wg, e) to maximize expected 
profit per contract: 


3(ay—wy)etz(ag—wz), - 


subject to u(wy,Wp,e)=u; ei. 
Because of constant returns to scale, the 
number of contracts offered by an individual 
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chocolate ‘firm is indeterminate but im- 
material. 

The first-order conditions for this prob- 
lem> imply a state-invariant wage, a basic 
result of (“first generation”) implicit con- 
tract theory: w,=w,=w. In market equi- 
librium, the expected profit of chocolate firms 
is driven to zero by entry and exit, and u 
also adjusts so as to clear the market for 
native labor. Thus N in (1)-(4) will equal 
the (assumed exogenous) supply of native 
laborers. The zero-profit condition plus the 
first-order conditions. reduce to the fol- 
lowing: 


(7) e(a,—w)+(ag—w)=0 
(8) a,—-w+9(w)>0 


(9) (1—e)[a,—w+9(w)] =0 


where $(w) =[h(w)—h(a@)]/h'(w), so that 
o’>1 if w>a. In addition, the utility of 
each native worker is given by (6). 


E. Full Equilibrium 


Consider in more detail the native labor 
market described by (6)—(9). If the economy 
remains completely specialized to chocolate 
in both states, that is, if e =1, (9) will be met 
and (7) determines the wage 


(10) 


w=(a,+a,)/2. 


Native labor is paid the expected value of its ` 


marginal product, as in the European mode. 
This will indeed be an equilibrium if the 
‘ wage specified in (10) is consistent with (8). 
` Let the function w(a,) be the solution to 
.a4—0+6(w)=0. The graph of this func- 
tion is called the Risk Premium curve and is 
labeled RP in the third quadrant of Figure 
1. The Risk Premium curve shows for each 
value of a, what wage w is necessary to pay 
workers the premium $(w) above the value 
' of their marginal product, as compensation 


for the risk of unemployment they assume if - 


e falls below 1. Note that w’<0O.and w=a 
if a, =a. Points on or below this curve sat- 


isfy (8). 


+See the Appendix for further details. 
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The line labeled EA in Figure 1 graphs 
(10) and so shows, for each value of a4, the 
wage that equals the expected value of the 
marginal product of native labor, given the 
state B equilibrium. This line intersects the w 
axis at w=a,/2 and the 45° line at w=ap 
= a. Points on this line below the RP curve 
satisfy (8) and so are consistent with equi- 
librium. Thus for any value of a, at least as . 
great as dy in Figure 1, the corresponding 
point on EA indicates the equilibrium wage, 
and e=1. 

If a, is strictly less than ao, it is not 
possible to have e =1: the economy will not 
completely specialize in chocolate produc- 
tion in state A. In this case (9) will require 
w = w(a,) and (7) will then determine e: 


(11) 


The Equilibrium Employment curve, labeled 
EE’ in the second quadrant of Figure 1, 
records all combinations of w and e con- 
sistent with (11). Together with the linear 
segment E’E”, corresponding to full em- 
ployment in both states, it displays all com- 
binations of those two variables consistent 
with equilibrium in the native labor market. 

It is now possible to determine, for each 
value of a,, that level of e consistent with 
equilibrium in the market for native labor. 
This is done in Figure 1 and the result re- 
corded in the first quadrant as the Native 
Labor schedule, labeled: NZ. Full equi- 
librium is determined by the intersection of 
the International Market and Native Labor 
schedules. . 

Figure 1 depicts an equilibrium in which 
Switzerland is incompletely specialized in 
state A. The values of a4, w, and e can be 
read off the diagram, and the (ex ante) util- 
ity of native residents is then given by (6). 
The curve labeled u in the second quadrant 
is the indifference curve corresponding to the 
equilibrium utility level. Indifference curves 
must cut the EE’ curve from above, as 
drawn.® 


e= laz- o]/la,= o]. 


In the European mode, the Native Labor schedule is 
a horizontal line with e=1, point E’ is directly above 
w=a,/2, and the Equilibrium Employment and Risk 
Premium curves become irrelevant. 
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The degree of the Swiss (marginal) com- 
parative advantage in chocolate in state i can 
be thought of as measured by a;—a. By 
assumption there is such an advantage in 
state B. If the equilibrium a,>a as well, 
Switzerland always has a comparative ad- 
vantage in chocolate and always specializes 
completely in the product. In this case, the 
sole significance of the quasi-permanent rela- 
tions between firms and native workers is 
stabilization of the native wage: if instead 
natives, like migrants, were hired in spot 
markets after realization of the state of na- 
ture, the wage would equal a; but Switzer- 
land would still specialize completely in 
chocolate production in both states. 

When a, <a, Switzerland has a (margin- 
al) comparative disadvantage in chocolate in 
state A, and the native contractual arrange- 
ments influence the pattern of specialization. 
For example, if ag <a} <q, the Swiss still 
specialize completely in chocolate produc- 
tion, whereas spot markets would cause them 
to diversify. 

The Swiss populace is exposed to uncer- 
tainty through both of the international 
markets in which it deals. Risk-neutral firms 
provide partial insulation from this uncer- 
tainty. The insulation they can provide is in 
turn related in two ways to their own activity 
on world markets. By hiring foreign workers 
in good times and discharging them in bad 
times, firms help insulate Swiss workers. The 
second method has to do with the Pricing of 
chocolate. Equation (3) says that in state A 
firms pay migrants the value of their mar- 
ginal product, and (8) implies that Swiss 
workers are paid more than the value of their 
marginal product. Thus Switzerland exports 
chocolate at a price less than its cost of 
production, that is, Swiss products are 
dumped’ in world markets in state A. Note 
that this dumping would appear aggressive 
to foreign competitors, since Swiss firms em- 
ploy no fixed factors at all but dump in order 
to avoid laying off workers. Chocolate is sold 


7See my 1982 article for a fuller, two-country theory 
of dumping. 
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above cost in state B, so that firms expect to 
break even in the long run.’ 

The expulsion of foreign workers and the 
dumping of commodities has each received 
great attention throughout the previous de- 
cade, but the relation between the two has 
been largely ignored. The present paper offers 
a framework for the investigation of this 
relationship. 

The Swiss economy is exposed to uncer- 
tainty through the two international markets 
in which it deals. The stochastic process re- 
lating to labor migration—reflected. in the 
magnitudes of v, and v,—would in practice 
be quite sensitive to national immigration 
policy. For example, a guest worker system 
might be operated in a relatively closed fash- 
ion, allowing only a modest volume of 
immigration and adjusting that in response 
to disturbances so as to stabilize the migrant 
wage faced by individual domestic firms. Al- 
ternatively, the authorities might be more 
willing to allow the domestic economy to 
exploit the opportunity to obtain cheap 
migrant labor services and so operate a more 
open guest worker system, insisting that all 
migrants have jobs but not trying to shield 
chocolate firms from external fluctuations in 


SAt this point, consider briefly Switzerland’s interna- 
tional payments. In state A the excess of the value of 
Swiss chocolate exports over imports and remittances of 
migrant wages equals 


eN[ Py f(m,)— w — vma] = eN (ay ~w). 


(Note that this is independent of how migrants divide 
their wages between remittances and local expenditures.) 
Let 2, denote total state A profits of the chocolate 
industry, y the share of that industry owned by Swiss 
capitalists, and ~ total profits received by Swiss 
capitalists from ownership of industries in the rest of the 
world. Thus the state A Swiss current account surplus 
equals 


eN[a,—w]+af—-(1—-y) ay. 

But eNia,—w)=%,, so the current account surplus 
equals a4 + y74, or total state A profits received by 
Switzerland. In like manner, the current account surplus 
(identically equal to net Swiss capital accumulation) in 
state B equals total profit in that state. Assuming that 
Swiss capitalists have been able to diversify away all risk 
by means of the international exchange of securities, me 
current account is state invariant. 
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migrant wages. The authorities might also 
vary their administration of a guest worker 
system in response to fluctuations in the 
world demand for chocolate. This diversity 
of possibilities demands an investigation of 
how economic performance varies in re- 
sponse to changes in the stochastic pro- 
cess facing Switzerland. I turn next to this 
problem. 


If. Alternative Stochastic Processes 


Consider now how the equilibrium de- 
scribed in Section I is influenced by changes 
in the stochastic process confronting Switzer- 
land. Note that this comparative statics ex- 
ercise is to be distinguished from the simpler 
question—whose answer is immediate from 
the foregoing analysis—of how state A be- 
havior differs from state B behavior for a 
given stochastic structure. There are two rea- 
sons for addressing the present question. The 
first is the possibility, raised above, that the 
stochastic structure is sensitive to immigra- 
tion policy. The second is that my assump- 
tion of just two states of nature, made solely 
for expositional purposes, is too limiting in 
the presence of two random variables. For 
example, one might wish to ask how Swiss 
behavior depends upon whether v and X are 
positively correlated or negatively correlated. 
Thus a full understanding of the model re- 
quires consideration of alternative stochastic 
processes. 

Changes in X, and v, produce changes in 
ay. The effects, easily traced through Figure 
‘1, imply shifts of the Native Labor schedule 
and consequent movements along the Inter- 
national Markets schedule. Changes in X, 
and v, by contrast shift JM and thereby 
causes movements along NL. The degree of 
volatility confronting Switzerland is de- 
termined by the differences X,—X, and 
Ug — U4. To have a frame of reference, I shall 
take X, and v, as immutable (so that equi- 
librium values of Pz, Mmg, and a, do not 
change) and consider alternative values of 
X, and v,. Each pair of values of X4, v4 
determines, from Section I, equilibrium levels 
of e, Py, M4, a4, and w. I shall examine in 
turn the effects of variations in X, and v, 
upon equilibrium. 
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A. World Demand for Chocolate 


Consider, first, a rise in X, in the propor- 
tion X,. With unchanged Xp, this con- 
stitutes an increase in expected world de- 
mand for chocolate. I have labeled the states 
so that a4 < apg, so there is a presumption 
(but not a certainty) that X; < Xp. If so, the 
rise in X, constitutes also a reduction in the 
volatility of world chocolate demand. As dis- 
cussed in Section II, Part B above, the Inter- 
national Markets schedule in Figure 1 shifts 
upward in the proportion X,. Thus equi- 
librium moves to the right along the Native 
Labor schedule. If initially e=1, this pro- 
duces a rise in w and consequent rise in 
utility u. If e <1 initially, w falls but e rises, 
and on balance the increase in job security 
outweighs the reduction in the wage rate in 
the sense that u still rises. Note the contrast 
in ex post consequences in the two cases. 
With complete specialization (e =1) the ex 
ante and ex post utility of each Swiss resi- 
dent is h(w) and clearly rises as a conse- 
quence of the rise in expected world demand 
for chocolate. If e <1, the ex ante utility u 
of each Swiss likewise increases. But should 
state B materialize, the ex post utility h(w) 
of each resident will be Jower than what it 
would have been with the lower X,. Should 
state A materialize, the ex post utility of laid- 
off workers, h(a), is of course unchanged, 
and the ex post utility of chocolate workers 
who would have been employed there even if 
X, had not risen (workers’ identities are of 
course unknown) is strictly lower. The only 
ex post utility that is increased? is that of 
chocolate workers in state Æ who would have 
been laid off with the lower X,. 


B. Migrant Wages 


Now consider the effects of a reduction in 
state A migrant wages in the proportion 6, < 
0. As discussed in Section Il, Part B above, 
the International Markets schedule shifts up 
or down, according as o, is less than 7, or 
not, and equilibrium moves in a correspond- 
ing fashion along the Native Labor schedule. 


°Note the analogy with the Stolper-Samuelson theo- 
rem in factor-endowments models. 
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Note, incidentally, that we can easily see, 
with the aid of Figure 1, that a reduction in 
v, brings about the paradoxical result that 
native utility falls, as long as o, > y,. (It can 
easily be shown that a fall in both v, and vp, 
so that migrant wages fall with certainty, can 
also reduce u.) But the reason is simple: 
lower migrant wages can induce chocolate 
firms to increase production by enough so 
that the resulting deterioration in the terms 
of trade produces a welfare loss.!° Such pos- 
sibilities disappear if Switzerland becomes 
small in the world chocolate market (so that 
4, becomes very large), or if the country 
levies an optimal export tax on chocolate. 


C. The Array of Possibilities 


It is time to examine all possible equilib- 
ria corresponding to different stochastic 
processes. With X, and vg immutable, each 
pair of values of X, and v, determines a 
particular equilibrium. Each point in each 
panel of Figure 2 corresponds to a distinct 
hypothetical stochastic process confronting 
Switzerland. At point C, X, = Xp and v,= 
Vp, SO that the future is certain. Thus both 
states have identical, complete-specialization 
equilibria: a,=a, and e=1. Employment 
of migrants also does not vary across states, 
so that g=1, where g denotes the ratio of 
state A employment of migrants to state B 
employment, and thus g=em,/m,. At C 
the present model in effect reduces to the 
standard factor-endowments model with com- 
plete specialization in the production of ex- 
portables. 

Consider first combinations of X, and v4 
that leave a, unchanged. It follows from 
Parts A and B above that, in order that a, 
not change, increases in X, must be accom- 
panied by increases in v, if 7, > 0, and by 
decreases in v, if 4,<o,. Each case is 
allotted its panel in Figure 2, and in each 
panel two a, contours are drawn. Down- 
ward movements bring one to contours cor- 
responding to lower values of a4. The a,= 
a, contour must pass through the certainty 
point C; points above this line will be ignored 


10See Bhagwati (1968 and 1973) for the appropriate 
analogous treatment of immiserizing growth. 
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(b) n4 < % 


FIGURE 2 


because they correspond to points below with 
the roles of the states reversed. 

If is evident from Figure 1 that constant 
values of a, imply constant values of e, w, 
and ex ante utility u as well. Thus along the 
a, = da, line the Swiss enjoy the same utility, 
both ex ante and ex post, as in the certainty 
case. The a,= 4d, line corresponds to the 
lowest value of a, for which e =1, and to 
the lowest wage w. Moving from a,= ay, to — 
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TABLE 1— POSSIBLE EQUILIBRIA 


Zone Employment Terms of Trade 
I l>e>g P, > Py 
Y l=e>g P> Pi 
II l1>e>g P, < Pg 
IP l=e>g P, < Pg 
II l1>g>e P, < Pp 
iv g>l>e P, < Pg 
iv’ g>l=e P, < Pg 


a4 = ap reduces a, and w, keeps Switzerland 
completely specialized in both states (e =1), 
and reduces utility (ex ante = ex post). Con- 
tinuing downwards brings one to equilibria 
with lower values of e and a,, higher values 
of w, and lower ex ante utility (but higher ex 
post utility for chocolate workers). 

The line labeled P,=P, shows the as- 
sumptions that result in sticky terms of trade 
across states. It slopes downwards because 
Pp is constant and P, is increased by rises in 
both X; and v4. P,> Pp above this line and 
P, < Pp below. 

Swiss employment in chocolate varies 
` across states in the same proportion as 

migrant employment on the g =e line. This 
happens when m4 =mp, which, in view of 
the constancy of mp, requires a constant 
m,. Equation (3) implies that m, will be 
unaltered if increases in v, are accompanied 
by large enough increases in X, to raise P, 
in the same proportion (thereby raising a, as 
well). Thus the g = e line has a positive slope 
and cuts a, contours from below. Above this 
line g > e and below it g < e. 

Finally, migrant employment is stable 
across states along the g=1 schedule. This 
line is found by solving the system of equi- 
librium conditions, (1), (3), (7), and (8)—with 
equality—for X, as a function of v,, subject 
to the restriction that em,=m,. Points 
above this line imply g >1 and points below 

_it imply g <1. The various lines divide each 
panel of Figure 2 into several zones, whose 
` properties are summarized in Table 1. 

With the European mode, the analysis is 
basically the same except that only the full- 
employment states (/’, II’, and IV’) are 
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relevant (so of course there can be no case 
where migrant employment is less volatile 
than native). Sufficiently low values of X, 
(and/or of Xp) cause the economy to instead 
specialize completely in the production of 
the composite traded consumption good in 
both states, . 


D. Dumping Goods and Dumping Migrants 


Suppose initially that v, = Vp, as at points 
E in Figure 2. Then Switzerland is exposed 
to uncertainty solely through the chocolate 
market. As is clear from the figure, this nec- 
essarily results in an equilibrium in zone IJ 
or JI’. Suppose the former—whenever the 
unfavorable state A materializes, Swiss work- 
ers are laid off (e <1). But Swiss firms mod- 
erate this in two ways: they reduce prices 
(P, < P) and dump chocolate abroad, and 
they also lay off migrant workers in greater 
proportion than Swiss workers (g < e}. Thus 
both chocolate and migrants are dumped 
abroad when foreign demand for Swiss goods 
falls. Zone JI equilibria would characterize 
guest worker systems administered in a 
“closed” way as discussed in Section II above. 

Now let v; fall; that is, consider leftward 
movements in Figure 2. This consists of cases 
where low values of X, are accompanied by 
low values of v; unfavorable commodity- 
market conditions are correlated with favor- 
able labor-market conditions. This would be 
the case if Swiss chocolate, and its close 
substitutes, were to a large degree sold in the 
same countries from which migrant labor 
comes: both conditions would be sensitive to 
aggregate demand in those countries. Such 
movements depart further from the P, = P} 
line in Figure 2, implying larger state A price 
reductions in chocolate to stimulate demand. 
This is made possible by the cost-reducing 
effect of lower values of v,. The latter also 
furnishes a motive to reduce fluctuations in 
the employment of migrants, and g indeed 
rises with leftward movements in Figure 2. 
Thus domestic employment is tugged in two 
directions by the tendency, on the one hand, 
to substitute foreign workers for domestic 
workers in state A—made easier by higher 
values of o,—and by the tendency, on the 
other, to increase state A production—made 
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easier by higher values of »,—which affects 
foreign and migrant employment in a com- 
plementary way. If Switzerland is basically a 
small country in the world chocolate market 
(very large ņ4) the complementarity aspect 


necessarily dominates, but with less than in-- 


finite elasticity of demand the opportunity to 
expand chocolate sales is limited. In general, 
the complementarity or the substitutability 
aspect will dominate according as 44> 0, 
or the reverse, since Figure 2 shows that this 
is the condition deciding whether a leftward 
movement increases or decreases a4, e (if 
initially less than unity), and ex ante util- 
ity u. 

If v, falls enough the economy finds itself 
in zone ZII where migrant employment is 
more stable than domestic employment. But 
migrants are still being used to stabilize Swiss 
employment conditions: since migrant wages 
fall when the demand for chocolate falls, 
retaining more foreign workers on the payroll 
in state A reduces costs and may still allow 
more Swiss workers to be retained also, if 
na> 6,4 The problem is that maintaining 
employment through maintaining production 
in state A causes the terms of trade to de- 
teriorate: prices fall as well as costs. If mi- 
grants and natives are not sufficiently com- 
plementary and/or if chocolate demand is 
not sufficiently elastic, o, >, and ex ante 
utility falls. 

If chocolate conditions and foreign labor 
conditions are sufficiently negatively corre- 
lated, the economy will be in zone IV, so 
that employment of migrants actually rises in 
state. A. Chocolate dumping and migrant 
dumping cease to be complementary and 
become substitutes: chocolate is dumped in 
state A and migrants in state B. It could also 
become unclear whether the migrant labor 
market is being exploited to shield Switzer- 
land from shocks in the chocolate market, or 
whether the reverse is the case. For example, 
if n4 <0, zone IV (or IV’) contains cases 
where X,>X, and u,<ug: in state A 
domestic unemployment due to the substitu- 
tion of cheap migrant labor is ameliorated by 
an increased foreign demand for chocolate. 
In any event the dumping of chocolate that 
takes place in state A would seem very 
aggressive indeed to Switzerland’s foreign 
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competitors: the Swiss increase their employ- 
ment of migrants to be able to dump choco- 
late abroad! 

Positions to the right of point E in Figure 
2 correspond to cases where favorable com- 
modity conditions are positively correlated 
with favorable (for the Swiss) migrant labor 
conditions. This could be the case if choco- 
late is sold in a part of the world with 
economic conditions negatively correlated 
with those in the part of the world from 
which the migrants come. Since labor costs 
rise in state A, the Swiss are less able to 
reduce prices, though they still dump choco- 
late. Instead they are more inclined to lay off 
migrants and substitute domestic labor: e > g 
to the right of E. If 6, > 74, this substitution 
effect will outweigh the complementarity 
effect resulting from the depressing influence 
of higher costs, and the increase in v, will 
move the Swiss closer to the e=1 region. 
With high enough positive correlation be- 
tween chocolate and migrant labor condi- 
tions. Switzerland will be in zone 7, char- 
acterized by the apparent paradox that the 
Swiss increase the price of chocolate when 
they dump it (P, > P,). The reason is simply 
that they raise prices to cover part, but not 
all, of their increased labor costs. 

Public discussion of labor migration em- 
phasizes two, basically inconsistent, alleged 
benefits to host countries: isolation of native 
workers from the business cycle by varying 
the employment of migrants (which requires 
a substitutability of domestic and foreign 
labor in production), and preservation of 
domestic jobs in domestic industries by reli- 
ance on cheap migrant labor (which em- 
phasizes complementarity). The present anal- 
ysis provides a framework for the study of 
these two alleged benefits and shows how 
they relate to the nature of the stochastic 
process facing the host country, as well as to 
basic parameters such as elasticities of de- 
mand and of substitution (which determine 
the shape and position of the curves in Fig- 
ure 2). The dividing line between the two 
cases is the g = e curve, the locus of possibil- 
ities for which production techniques are un- 
changed across states. In zones 7 and JI, the 
Swiss respond to a recession by substituting 
domestic workers for migrants and sending 
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the latter home: the recession is (partly) 
passed on to foreign workers. In zones JIT 
and IV, a recession by contrast causes 
migrants to be substituted for domestic labor, 
and it is the resulting cost reduction that 
allows larger chocolate production—and na- 
tive employment—than would otherwise be 
possible. This latter possibility requires, but 
is not assured by, a negative correlation be- 
tween conditions in the two markets. A higher 
elasticity of chocolate demand increases the 
ability of a price reduction—and thus cost 
reduction—to maintain chocolate output. 
Thus larger values of 9, cause the g = e line 
to become steeper (this is confirmed in the 
Appendix) and so expand zones MI and IV 
at the expense of J and H. But, unless 7, is 
infinite, zone IJ necessarily contains cases 
where v4 < Uz. 

The parameter o, measures the extent to 
which domestic and migrant labor are simi- 
lar and thus highly substitutable for each 
other. As o, increases, zone JV expands at 
the expense of the other three zones. 


IV. The Effect of Migration and 
Migration Policy 


The preceding discussion of alternative 
stochastic processes was intended to expose 
the role of temporary migration in the host 
economy. I turn now to its significance: in 
what ways is the behavior of the host coun- 
try different from what it would be if there 
were no temporary migration? 


A. Captive Migrants 


- Suppose, first, that the economy possesses 
a fixed supply M of unskilled labor that does 
not vary in response to the state of nature. 
The supply M might consist of native un- 
skilled workers or permanent immigrants. 
Unskilled labor is hired in spot markets after 
the state of nature is known. Thus, in equa- 
tions (1)-—(4), mz = M/N, m,= M/eN, and 
v4 and vg are now endogenously determined. 
Ta other respects the model is unchanged. A 
distinct equilibrium is now determined for 
each set of values of X4, Xg, and M rather 
than, as before, for each set of values of X4, 
Xp, va and vp. 
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Each combination of X,, Xg, and M will 
give an equilibrium corresponding to some 
point on the g =1 line of the relevant version 
of Figure 2. Thus, in terms of the classifica- 
tion in Table 1, equilibrium will be on the 
boundary of zones JJ’ and JV’ or on that of 
JI and IV. Equilibria with the characteris- 
tics of all other zones are thus essentially 
dependent upon labor mobility. For exam- 
ple, there will no longer be cases where, in 
state A, chocolate firms simultaneously raise 
prices and dump their product abroad. 

Next, I wish to compare an equilibrium 
with labor mobility to a “naturally corre- 
sponding” one without. But what set of val- 
ues of X,, Xg, and M corresponds lie 
to a particular choice of X,, Xp, v4, and vg? 
One would wish, I should think, to keep X, 
and X, the same as with labor mobility, but 
in the ‘choice of M one cannot avoid being 
arbitrary. Purely for the sake of illustration, 
then, I will arbitrarily choose that value of M 
that causes v, to have the same value in the 
no-mobility case as in the comparison equi- 
librium with labor mobility. 

Suppose, then, that initially X; = X; and 
v4 = Vg With migration possible. If migration 
is now ruled out, X, and X, are kept un- 
changed, and M is set to generate the same 
value of v, as before, equilibrium will not in 
fact change: both cases correspond to point 
C in each panel of Figure 2. Now consider 
how equilibrium (migration and no-migra- 
tion) responds to a comparative statics re- 
duction in X,. The change in the migration 
equilibrium corresponds to a downward 
vertical movement in each panel of Figure 2, 
from point C toward E (and perhaps be- 
yond). The related no-migration equilibrium 
shifts down by the same vertical amount, but 
along the g=1 curve instead. 

Three conclusions are immediately ap- 
parent from Figure 2. First, both P, and v, 
are lower in the no-migration case: migration 
reduces the variability of prices across states. 
Second, the comparative welfare of native 
workers depends critically upon the relative 
magnitudes of 7, and o,. In panel (a), where 
14> Ga, the presence of migration results in 
an equilibrium with a higher value of a}. 
Thus, as a result of migration, native labor 
has a lower level of (ex ante) utility, in some 
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situations migration leads to state A unem- 
ployment when the absence of migration 
would preserve full employment in both 
states, and, if e <1 in both equilibria, it is 
lower with migration. Panel (b) shows that 
these conclusions are exactly. reversed if %4 
< o,- The reason for this discrepancy should 
be clear from the discussion in preceding 
sections. If migrants are not sent packing 
when the world demand for chocolate falls, 
production will be -higher than it would 
otherwise be. If world demand for chocolate 
is sufficiently inelastic, the resulting de- 
terioration in the terms of trade will be the 
dominant consideration. But if the elasticity 
of substitution is sufficiently low, the result- 
ing reduction in the spot wage of unskilled 
workers will prove decisive. 

The third observation is that v4 is always 
less without migration. Since v, is the same 
in both cases, unskilled workers are a “cap- 
tive” labor force in the sense that they unam- 
biguously suffer because of the lack of the 
option to emigrate. Of course, a judgment 
about host-country welfare should be sensi- 
tive to that of unskilled workers as well as 
the skilled, once emigration is ruled out. On 
this basis, the absence of labor mobility 
harms both skilled workers and the unskilled 


if o,>7,4, but benefits the former at the. 


expense of the latter when 7, > 0,. 
B. Immigration Quotas 


I pointed out above that the choice of 
which size of M to compare to any v4, Ug 
pair was inherently arbitrary. My choice in- 
volved a larger unskilled labor force in one 
state than migration would produce. We 
could of course consider other choices, in 
particular some that involve less unskilled 
labor in both states than would migration. I 
leave to the reader the straightforward inves- 
tigation of alternative choices and I instead 
approach the question somewhat differently. 
Consider now the effects on the initial equi- 
librium of a quota on immigration. 

Suppose a (state-invariant) quota Q. If Q 
is initially greater than the immigration that 
would originally occur in either state, it would 
of course have no effect, so suppose that Q is 
reduced until it just becomes binding in one 
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state. If the initial equilibrium is in zone IV 
or IV’ in Figure 2, this will be state B; 
otherwise it will be state A. Assume for now 
the latter. 

Such a quota will not impinge upon equa- 
tions (1) and (3), so the International Markets 
schedule in Figure 1 is unchanged. 

The quota will reduce m, in equation (2), 
causing P, to rise in an amount inversely 
proportional to ng. Thus a, can either rise 
or fall. Not surprisingly, this depends upon 
whether 74, exceeds og or not. Suppose it 
does, so that the effect of the quota is to 
lower ap. (Equation (4) shows the effect of 
the quota on the state B migrant wage, which 
is accordingly driven above vg. I suppose 
that these rents go to those migrants who 
happen to be fortunate enough to get in.) 

It is immediate from the discussion of the 
full equilibrium in Section II, Part E, that the 
reduction in a, shifts the Equilibrium Em- 
ployment curve EE’ in Figure 1 down, leaves 
the Risk Premium curve RP unchanged, and 
shifts the EA line to the left. These imply 
that that Native Labor schedule NL, in the 
first quadrant, shifts to the right. 

If the initial equilibrium in the first 
quadrant of Figure 1 is characterized by 
e=1, a small shift of the NL schedule will 
not alter that fact. But the right-hand shift of 
the EA line implies that w falls. The pros- 
pect of a binding immigrant quota should 
state B materialize results in a lower wage 
for (fully employed) native workers in both 
states: firms will pay less for native workers 
because the prospect of a constraint on 
migrant employment in one state reduces the 
expected value of the marginal product of 
native labor. Native workers are unambigu- 
ously worse off, ex ante and ex post. 

If instead the initial equilibrium features 
e <1, imposition of a quota causes that equi- 
librium to shift down and to the right along 
the International Markets schedule. Thus e 
falls and a, rises, and the fixity of the RP 
curve implies that w again falls. The pros- 
pect of a binding quota in state B again 
reduces the ex ante value of native employ- 
ment. This is reflected again by a reduction 
of w (in both states), but also now by a 
reduction in e as well. Because of the pros- 
pect of a quota on migrants, firms are less 
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willing to commit themselves to natives, and 
so plan to rely relatively more on migrants 
should the nonbinding state A arise. It is 
conceivable that the imposition of a quota 
could actually increase ex post immigration! 
In any event, native workers are unambigu- 
ously worse off, both ex ante and ex post. 

If op > np, the imposition of a quota causes 
a, to rise and all the above conclusions are 
reversed. The reasons for this should be clear 
by now. 

If the initial equilibrium is in zone IV or 
IV’, so that a small quota is initially binding 
in state A rather than B, the effects are quite 
different. Now equations (2) and (4) are un- 
affected, so that a, does not change. Instead 
it follows from (1), and the definition of a4, 
that a small quota will shift the International 
Markets schedule to the left or the right, 
according as 9, exceeds o, or not. Suppose 
the former. It is immediate from Figure 1 
that, if the initial equilibrium features full 
employment e =1, the effect of the quota is 
to lower w in both states, just as in the 
preceding case. If initially e<1, the left- 
ward shift of the International Markets 
schedule produces a downward movement 
along the Native Labor schedule and a corre- 
sponding downward movement along the 
EE’ curve. The quota lowers e but raises w. 
As the economy moves to a lower indif- 
ference curve, the ex ante utility of native 
workers necessarily declines. But should state 
B actually materialize, the fact that a quota 
would have been binding in state A makes 
native workers better off ex post! If instead 
state A comes about, there is an ex post 
distributional effect. Native workers who re- 
tain their jobs are better off while those who 
lose their jobs, as a result of the quota, are 
worse off. If o,>,, all these conclusions 

are reversed. 
' To summarize, the effects of an immigra- 
tion quota depend upon three considera- 
tions: whether 7, > 0, or not; whether there 
is initially full employment in both states; 
and whether migrant dumping is a comple- 
ment to or a substitute for commodity dump- 
ing. If e=1 initially, a quota necessarily 
- lowers the native wage in both states if n4 > 
o, and raises it if 4, <04. If initially e <1, 
the quota lowers e and ex ante welfare if 
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q,>9, (and raises them in the opposite 
case), but other ex post consequences depend 
critically upon whether or not migrant 
dumping substitutes for commodity dump- 
ing. More stringent quotas can be analyzed 
in similar fashion. When the quota becomes 
binding in both states, so that there is a 
State-invariant unskilled labor force M =Q, 
the International Markets and Native Labor 
schedules shift simultaneously. 


V. Concluding Remarks 


This paper has developed a theory of in- 
ternational trade and labor mobility built 
squarely upon the five stylized facts pointed 
to at the outset, but which reduces to a 
standard factor-endowments model under 
special circumstances (certainty). The domi- 
nant theme is that of the smoothing out of 
native labor employment fluctuations by 
means of a combination of commodity 
dumping and migrant dumping. It is the link 
between these two that in fact clarifies the 
seemingly inconsistent claims that the sub- 
stitution of domestic labor for migrants 
allows unemployment to be exported and 
that the complementarity of the two types 
of labor permits cost reductions that sus- 
tain domestic employment. Three features 
emerged as key determinants of behavior: 


. the elasticity of substitution between migrant 


workers and natives in production; the world 
elasticity of demand for home exports; and 
the correlation between conditions in the 
export market and in the migrant labor 
market. The role of these determinants, the 
relations between production, labor markets 
and international trade, and the implications 
for host-country welfare were investigated in 
detail. 

The present paper leans heavily on sim- 
plifying assumptions, because my prime con- 
cern has been to sketch out the essentials of 
a theory radically different from the standard 
one derived from factor-endowment trade 
models.*! The need for further development 


The present theory is actually closer in spirit to the 
dual economy models employed in development eco- 
nomics. See Corden (1974, ch. 6). Of the references cited 


VOL. 75 NO. 4 


should be obvious. Potential developments 
of greatest interest, in my judgement, include 
consideration of the effects of uncertainty of 
domestic origin and also of the relation be- 
tween migration and internal resource allo- 
cation and income distribution. It is often 
claimed that the ability to hire migrants re- 
duces the need to reallocate native labor 
between sectors or between regions in re- 
sponse to changing circumstances. Analysis 
along these lines- would entail the develop- 
ment of a multisectoral. version of the pres- 
ent model. It is often noted that migrant 
workers are much more intensively employed 
in some sectors than in others. The relation 
of this observation to:the reallocation argu- 


ment is unclear and could certainly benefit’ 


from formal analysis.’ 

The present analysis was solely from a 
host-country perspective. Analysis of source 
countries is necessary to- obtain a full treat- 


ment of international equilibrium and to in- . 


vestigate the welfare of migrants and of 
those they leave behind. Also of considerable 
interest would be the investigation of the 


consequences of asymmetric access to infor- . 


mation by domestic firms, native workers, 
and migrant laborers. : 


APPENDIX 


The firm’s problem is to choose wy, Wp, € 
to maximize | 
(A1) 3(a4—w,)e +3 (ap— ws), 
subject to 


(A2) Eh ( wp) +4 eh (w,) 


+(1- e)h(a)] =u 


(A3) e<l. 


The first-order conditions for this problem 


in ft. 2, Ohlin actually comes closest to the concerns of 
the present paper. 

12Such a multisectoral model would ‘also allow more 
extensive formal utilization of the ideas in the naturally 
related area of segmented labor markets. See Peter 
Doeringer and Piore (1971) and David Gordon, Richard 
Edwards, and Michael Reich (1982). . 


 w/P;f(m,), A= wo'(w)/o(w), and y;= 
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(a4) S$ [Aa’()-1] = 

(A5) [Ak (wp)—1] = 

(A6) ilag- wa+Ah(w,) 
—Ah(a)|—p=0 

(A7) u(i—ey=0 

(A8) ay 


where à and p are the dual variables. Condi- 
tions (A4) and (A5) imply that w, = wp = w, 
and A =1/h’(w). Substituting this value of 
A into (A6) and noting (A8) yields equation 
(8) in the text. Multiplying (A6) by (1— e) 
and noting (A7) yields equation (9). In equi- 


. librium, u will adjust to clear the native 


labor market, and firms will enter and exit to 
drive expression (Al) to zero. This latter 
condition is equation (7), and now (A2) 
merely measures the equilibrium value of u. 

Differentiation of the definitions of a, and 
a, and of equations (1)-(4), (7) and (8) (with 


_ equality) yield the following (for e <1): 


(AD 04(44— By) = Oya, 
(A10) op(âs— Py) = usme 
ai X,-n,2<8+N4 Omaha 
(A12) -n= Ñ+ Bunty 
(A13) On att, = o,(P, — By) 
(A14) Oppm y= (Py — 5) 
(A15) wats, na = 140 — Op4P, 
(A16)- Foxe My = YW — Opp Py 





Op 
+(9pp - Pyp)é- 


Op; =l- x Mi? Hpi = 
Op; 


In these equations, 


+(1—A)pp; for i= A, B. 
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To derive the properties of the various 


curves in Figure 2, set X, = i, = N = 0. Then 
(a,=4; 4,= 0) X, = (94-94) 9b4, 


(P,= Pp; P,=0)X, 


qe hs 
na Ya One Be cal 


-fr -Ys Êo fe 
is Ya Ong Hpg A 


(g=1; é+m,=0)X, 


x Yg 04 — Na ò 
uu troi ]" 
Ôba Ya bB — Epe 


Thus the slope of the e=1 line depends 
upon the sign of the term 7, — 64, the P, = Pg 
line has negative slope, and the g=e and 
g =1 lines both have positive slopes, with the 
latter the steeper. In the special case 1, = 04, 
the a, lines are flat and the elasticity of 
g =1 is the elasticity of demand. 

As a second comparative statics exercise, 
consider a general rise in migrant wages: 
6,=6,=0. Let X¥,=X,=N=0 in (A9)- 
(A16) and solve for the endogenous varia- 
bles. This gives the following 








a Opay : 
(A17) P,= oF (9p5—P- pp) 9ma(O4-N4) 
- 9p 29 un Z |. 
= Op — to 8 
Pa ( B 1g) OnaVa 


(A18) Py = (Ous08/PB)ô 
(A19) M=—(n,05/p,)6 
(A20) ê= (1/Zps)[0ns9nsYap4(0— Ya) 
— Oy 94¥nPa(O4—1,4)] 6 

(A21) w= (1/Zpp) [85.9 mca Boe 
= Ups) Pp( o, g na)-— 9p 2? mslnal oR = nz)] ô 
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(A22) 8- ê=(1/Zp») 
x DAUT z Bope) YaSaPa( c4 = na) 
= 9p I upYa0a( Op = ng)t Z( 0503 = Proa )] ô 


where M denotes the employment of migrants 
in state B, and Z=p,(9p_ — EppY 
On4Yp <0. If ô > 0, then Pp increases and M 
falls. The direction of change of all other 
terms is ambiguous, with e rising or falling 
as o, exceeds or falls short of y4; the other 
terms are all sensitive to the sizes of these 
elasticities as well as to various shares. In the 
special case n4 =04= 0g = Np, these equa- 


tions give 
M<0; Ê,- ô> bpt = Ê, > 0; 
ê=ċđ=0=0 
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Can Small Deviations from Rationality Make Significant 
Differences to Economic Equilibria? 


By GEORGE A. AKERLOF AND JANET L. YELLEN* 


This ‘paper concerns the robustness of eco- 
nomic equilibria in familiar economic mod- 
els. It addresses the question whether a small 
amount of nonmaximizing behavior by agents 
is capable of causing changes in the equi- 
librium of the system which are an order of 
magnitude larger than the losses due to non- 
maximization by the individual agents them- 
selves. 

For some, it would be reassuring to find 
that the results of models based on maximiz- 
ing behavior continue to hold as an ap- 
proximation when the assumption of strict 
maximization is relaxed just slightly. It is, 
after all, difficult to believe that agents liter- 
ally maximize all the time. People may suffer 
from inertia. (Or, alternatively stated, they 
may have some small transactions costs in 
changing their actions.) They may also rely 
on rules of thumb which produce acceptable 
results on the average. So most economic 
theory based on strict maximization is useful 
when accompanied with the folk theorem 
that the results of this theory are approxi- 
mately correct if the deviations from opti- 


mality (or the transactions cost of decision 


making) are small. 
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Joseph Stiglitz, Steven Stoft, Lawrence Summers, James 
Tobin, and James Wilcox for valuable discussions which 
have led directly or indirectly to this paper. Our re- 
search was generously supported by National Science 
Foundation grant no. SES 81-19150, administered by 
the Institute for Business and Economic Research of the 
University of California-Berkeley. 
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On the other hand, if slight relaxation of 
maximization results in rather different re- 
sults from those of strict maximization, then 
there is the possibility of explaining phenom- 
ena that have been puzzling in the context of 
economic theory based on strict maximizing, 
such as the persistence of cartels and the 
existence of the business cycle. 

This paper constructs a number of exam- 
ples which show that small deviations from 
rationality can have first-order consequences 
in microeconomic analysis. Our 1985 paper 
shows that such deviations can account for 
Keynesian business cycles. All of these ex- 
amples assume that a fraction £ of the popu- 
lation fails to maximize. The rest of the 
population is totally rational. An equilibrium 
of such an economy is termed near rational 
if no nonmaximizer stands to gain a signifi- 
cant amount by becoming a maximizer. 
Technically, this means that the potential 
losses due to nonmaximization are second- 
order small (varying with the square of a 
shift parameter). Nonetheless we show that 
such behavior does commonly lead to 
changes in equilibrium in familiar models 
(relative to the equilibrium with full maximi- 
zation) which are first-order, that is, that 
vary approximately proportionately with the 
shift parameter. 

These results can be interpreted as a pre- 
cise sense in which the conclusions usually 
derived from models with strict maximizing 
behavior are not very robust. We wish to 
emphasize that this theory does pass Lucas’ 
test of a good model—that there are no 
opportunities for large increases in profits, 
or, in his terminology, that “there are no 
$500 bills on the sidewalk.” To be specific, 
there is a fraction of the population who are 
strict maximizers. If there are opportunities 
for gain generally available (in Lucas’ exam- 
ple, to pick up $500 off the sidewalk), a 
significant fraction of the population will 


VOL. 75 NO. 4 


readily avail itself of these opportunities. Ad- 
ditionally, the losses to those who are not 
maximizing are small, in a well-defined sense. 

Recent results in industrial organization 
theory in the context of sequential games are 
similar in spirit. In recent interesting papers 
by Drew Fudenberg and Eric Maskin (1983), 
David Kreps et al. (1982), Kreps and Robert 
Wilson (1982), Paul Milgrom and John 
Roberts (1982), and Roy Radner (1980), it 
has been found that the presence of 
nonmaximizing behavior, even in rather small 
amounts, can significantly alter the equi- 
librium obtained. Other papers which 
examine the conditions under which non- 
maximizing behavior can have a significant 
impact on the characteristics of economic 
equilibria include John Haltiwanger and 
Michael Waldman (1985) and Thomas Rus- 
sell and Richard Thaler (1985). John Conlisk 
(1980) has examined conditions under which 
rule-of-thumb behavior will coexist with 
maximizing behavior in the long run. 

Section I explains the basic logic of this 
paper, which can be generally expressed in 
terms of the envelope theorem. The next 
sections present four examples of equilibria 
that are near-rational, but that differ by a 
first-order amount from the equilibrium that 
would prevail with full rationality. Section II 
presents an example of a pure exchange 
economy. There is an initial (long-run) equi- 
librium of this economy in which all agents 
are exactly maximizing. Then each agent’s 
endowment of one good is increased by a 
proportion e. A fraction £ of the population 
has inertial behavior in its consumption of 
that good while the rest of the population 
strictly maximizes. It is shown that this be- 
havior by nonmaximizers results in individ- 
ual losses which are second-order in £, while 
there is (almost always) a first-order change 
(with respect to e) in the distribution of 
income. 

In the pure exchange economy, nonmaxi- 
mization causes only a second-order move- 
ment from the Pareto frontier. But if there 
are externalities, nonmaximization which re- 
sults in only second-order losses to the agents 
can cause first-order changes in the econo- 
my’s deadweight loss. This proposition is 
illustrated by two examples in Section III. 
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Section IV presents an example of cartel 
formation. It is supposed initially that there 
is a Cournot equilibrium of an oligopolistic 
market. There is a posited reduction in out- 
put by a fraction e by a proportion £ of the 
firms, while the rest of the firms maximize 
(according to the Cournot assumption that 
the output produced by rival firms will re- 
main unchanged.) With some qualification, it 
is shown that such a reduction increases the 
oligopolists’ profits by a first-order amount 
while the expected gains from cheating on 
the cartel are second-order in e. 


I. Implications of the Envelope Theorem 


There is a simple reason why deviations 
from rationality, that involve only second- 
order losses for nonmaximizing agents, nev- 
ertheless can cause first-order changes in the 
economy’s equilibrium. The reasoning is 
based on the envelope theorem and its gen- 
eral equilibrium implications. The envelope 
theorem states, in effect, that first-order 
“errors” made by an agent in setting any de- 
cision variable, such as quantities produced 
or consumed, normally cause only second- 
order losses in utility or profit. If a signifi- 
cant fraction of the population makes such 
errors and their mean value is nonzero, the 
errors are likely to have general equilibrium 
effects which are first-order. 

More formally,! consider the uncon- 
strained maximization problem: maximize 
f(x, a) where x is a choice variable and a is 
a vector of parameters or variables exoge- 
nous to the agent. Let x(a) denote the unique 
maximizing choice of x, given a, and let 
M(a) = f(x(a), a) denote the maximum 
value of f for given a. According to the 
envelope theorem: 


(1) dM(a)/da= df(x(a),a)/da. 


In words, the envelope theorem states that, 
at the margin, the change in the objective 
function caused by a change in a is identical 
whether the agent adjusts x optimally or not 
at all. Inertial behavior is virtually costless. 


1See Hal Varian (1978). 
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The: theorem- is easily, extended’ for con- 
strained maximization problems.? 

The proof of the envelope theorem is triv- 
ial but instructive. Total differentiation of 
M(a) yields 


da 


+ af(x(a), a)/da. 


The first-order condition for an optimum 
requires that df(x(a),a)/dx=0 and thus 
the envelope theorem follows. The first term 
in (2), that is the indirect effect of a change 
in.a on f occurring via a change in optimal 

‘x, is zero. Thus the effect of a.change.in a 
on M is just the direct effect of a on f for 
given x. 

A graphical interpretation of the theorem 
is given in Figure 1, which depicts f:as-.a 
function of x for two alternative values of a, 
ap, and a,. The optimal choices of x are xo 
and x,, respectively, and. the maximized val- 

- ues of the objective function f are M(ay))= 
f(Xo,49) and M(a,)= f(x,,4,). An agent 
who: behaves inertially following a change in 
a, leaving x fixed at x, instead of. changing 
x to x, will incur a loss, Z, from his failure 
to maximize equal to f(x,,a,)—f(X9, a) 
which is obviously second-order small. 

There is an intuitive-explanation of this 
result. The essential feature of optimal choice 
is indifference at the margin. Take the case 
of a consumer purchasing apples and banan- 
as. ‘At an optimum, the last dollar spent on 
apples adds as much utility as the last dollar 
spent on bananas. If the consumer. is forced 
to.spend a small amount less than the opti- 
mum on apples,. the small amount ‘extra he 
or she can spend on bananas provides almost 
perfect compensation. 

More formally, writing the loss as a 
TERS expansion around xı yields 





(3) L= Aaaa 


The loss iem allure to maximize is propor- 


2See Varian (pp. 268-69.) 
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f(x,a) 








FIGURE 1 


tional not to the error made in setting x, but 
to the square of the error. The loss: can also > 
be expressed in terms of the change in a, 
which can be thought of as.a shock to the 
system. Let e=a,— a, denote the. shock. 
Then . . 


(4) Xı 


where dx(a)/da normally. differs from zero. 
Thus,? 


(5) L(e) 


Picea) f Ia) 
axda || ax? ` 


If there-is a shock of size e, an agent who 


-xg = (dx(a)/da)e 


= £"(0)e2 e 


_ where 


o-i 


- behaves inertially makes an error. which is 


ordinarily proportional toe, or first-order, 
and incurs a loss which is proportion to e”, 
or second-order: Behavior that leads to a loss 
proportional to £?, where e is a shock param- 
eter, is called: near-rational. 

Although the envelope theorem is itself 
trivial, its implications are not. In many gen- 
eral equilibrium models, first-order errors in 
choice variables (for example quantities de- 
manded or supplied) by a fraction of agents 
will cause first-order changes in such endoge- 
nous variables as relative prices. These en- 
dogenous variables typically enter the objec- 


This: follows from the fact that di(aj/da = 


l= (PF/8x ða) /( 8 f/ dx). 
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tive functions of households and firms; they 
are arguments in the a vector and any change 
in these variables will accordingly have 
welfare consequences. As long as the errors 
do not just cancel out when averaged over 
the population (a sensible assumption in 
many contexts), “small” departures from ra- 
tionality can cause first-order changes in such 
variables as prices, income distribution, or 
deadweight loss. 

To be more precise, let p denote an en- 
dogenous variable (such as relative prices) 
which enters the a vector in a particular 
system under consideration. Assume that a 
fraction B of the population fail to maximize 
in a well-specified fashion. It is possible to 
compute the equilibrium value of p corre- 
sponding to alternative values of e and £, so 
that p can be written as p= p(e, 8). Let 
s(e,B) denote the difference between the 
equilibrium value of p with a fraction B of 
nonmaximizers and the equilibrium value of 
p with no nonmaximizers; that is, s(e,B)= 
p(e, B)— p(e,0). The function s(e, 8) gives 
the systemic effect of nonmaximizing behav- 
ior. Writing s(e,8) as a Taylor-series ap- 
proximation around the point (0, B) yields 


© slep) = EA 


€ 
e=0,8 





3’s(e, B) 


2 
ĝe? , 


i 
2 e=0,8 





As we demonstrate by example in Sections 
II-IV, there are many models in which the 
individual losses due to the assumed devia- 
tions from-maximization are approximately 
proportional to e° (second-order), but the 
function s(¢, 8) has a first partial derivative 
that is nonvanishing. In such cases, the sys- 
temic effect of nonmaximization is ap- 
proximately proportional to e, or first-order; 
the systemic effect of nonmaximization is an 
order of magnitude larger than the individ- 
ual losses. This implies that the ratio, de- 
noted R(e,B), of the “systemic effect” of 
nonmaximizing behavior to the individual 
loss approaches infinity as € approaches zero. 
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Methodology of the Examples. The methodol- 
ogy employed in each of the next sections is 
identical and can be outlined briefly. First, a 
simple model is constructed and its equi- 
librium is calculated under the assumption of 
full maximization by all agents. Second, the 
system is shocked in a specific way in amount 
e. Third, the values of relevant endogenous 
variables are computed in the equilibrium of 
this model on the assumption that a fraction 
B of agents fail to maximize in a well- 
specified way. Finally, two questions are 
posed: first, is the assumed behavior by non- 
maximizers near-rational? In all cases, the 
answer is yes and can be demonstrated by 
showing that the loss from failure to maxi- 
mize is second-order: P(e) = £”(0)e*. Since 
it is always the case in these examples that 
£ (0) = 0, it is only necessary to demonstrate 
that #/(0)=0. This follows from the en- 
velope theorem and in most cases proof will 
therefore be omitted. Second, does the equi- 
librium of the system corresponding to strict 
maximization by all agents (8 = 0) differ by 
a first-order amount from the equilibrium of 
the system when there are a fraction B of 
nonmaximizers? This involves showing that 
ds(e, B)/ôele=0 #0. 


Some Caveats. Some caveats are in order. 
concerning the appropriate interpretation of 
our results. In each example we show that 
the ratio of the systemic effect of nonmaxi- 
mization to the individual loss from non- 
maximization approaches infinity as e ap- 
proaches zero. The potential for applying the 
logic of the envelope theorem in any context 
where maximizing behavior normally occurs 
suggests that our theorem could have almost 
unlimited applications. But for the theorem 
to have practical relevance, it must be true 
for finite values of €, corresponding to eco- 
nomically noticeable shocks, and not just for 
infinitesimal €, that the ratio R(e,B) is 
“large.” The behavior of R as e increases 
depends critically on the magnitudes of 
£"(e) and ds(e, B)/ de in the neighborhood 
of £= 0. If #”(0) is extremely large, or if the 
first partial of s is very small, the ratio of the 
systemic effect to the individual loss will 
diminish rapidly as € increases, limiting the 
applicability of our infinitesimal results. The 
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simulations presented in Sections II and III 
provide a simple way of evaluating the be- 
havior of this ratio for finite.e in some specific 
models for reasonable parameter choices. In 
these models the ratio of effects remains 
large for “significant” e. Economic intuition 
suggests, however, that there will be cir- 
cumstances in which #’’(e) is quite large or 
as(e, B)/ de small.* 

Markets which are close to perfectly com- 
petitive provide an obvious example in which 
¥#”(e) is large. Consider the case of a mo- 
nopolistically competitive firm setting its 
price. If the firm charges a price above the 
optimum, sales and profits fall. In the limit- 
ing case of perfect competition, sales plum- 
met to zero and profits drop discontinuously. 
A price below the optimum raises sales but 
lowers profits. In the limiting case of perfect 
competition in which potential sales at the 
market price are unlimited, price cuts lower 
profits by an amount which is proportional 
to the error in pricing. In effect, the function 
relating lost profits to price errors has an 
extremely large second derivative. 

It is equally easy to envision cases in which 
nonmaximizing behavior by a significant 
fraction of the population would have only a 
minor effect on the equilibrium of the system 
so that @s(e,B)/de is small. Suppose, for 
example, that a significant minority of ra- 
tional market participants regards two goods 
or assets as perfect substitutes at a given 
price ratio; the opinions of such agents is apt 
to dictate the market outcome even in the 
presence of a substantial fraction of irra- 
tional or nonmaximizing agents. Financial 
markets provide the obvious example of a 
context in which “efficient market” outcomes 
can be achieved as long as some rational 
arbitrageurs operate in the market. More 
generally, the recent work of Haltiwanger 
and Waldman shows that in any market 


4In our examples, for given parameter values there 
always exists a band of e values such that |R| exceeds 
any specified value within the band. However, as the 
referees have pointed out to us, in most examples, it is 
possible to select extreme parameter values which make 
|R] arbitrarily small for any (e, 8) pair, e> 0. 
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which can be characterized as one with “con- 
gestion effects,” it will be true that sophis- 
ticated or maximizing agents will have a 
disproportionately large effect on the equi- 
librium. In these circumstances, ds(e, B)/de 
is small. With the preceding words of warn- 
ing, we now proceed to our first example. 


H. Near-Rational Behavior in a 
Pure Exchange Economy 


The first example concerns the canonical 
case of a pure exchange economy. A fraction ` 
of individuals are assumed to demand one 
good inertially, following an endowment 
shock. This form of nonmaximizing behavior 
is near-rational. The consequences of inertial 
behavior for income distribution are first- 
order, however. In comparison with the equi- 
librium in which all agents maximize, it turns 
out that some people are better off and some 
worse off. There is a first-order movement 
along the utility possibility frontier (but only 
a second-order movement away from it). 


The Initial Equilibrium. Consider an econ- 
omy with equal numbers of consumers of 
two types and two goods denoted by sub- 
scripts 1 and 2. Consumers of groups 1 and 2 
have utility U(x,, x.) and V(y,, y2), respec- 
tively, and have initial endowments (X,, X,) 
and (F, Ja), respectively. Let p denote the 
relative price of good 2. The equilibrium 
value of p is determined by the condition 
that excess demand for each good be zero. 
Let the superscript o denote the values of 
variables in the initial (long-run) equi- 
librium, in which all agents maximize utility. 


The Shock. ït is then assumed that an en- 
dowment shock occurs. Many different alter- 
natives could be considered. We consider the 
special case in which each individual’s en- 
dowment of good 2 increases by a fraction e. 
The new endowment vectors are accordingly 
(Zr ¥,(1+)), (P A+ E)). A fraction B 
of both type-1 and type-2 consumers have 
inertial consumption of good 2, their con- 
sumption being x3 and y7, respectively. 
Two propositions will be demonstrated. 
According to Proposition 1, the individual 


VOL. 75 NO. 4 - 


loss due to nonmaximization in this example 
is second-order. This can -be stated more 
formally. 


PROPOSITION 1: 

(7) dU" /de|, 4 = dU "/dé|,-9- 
Similarly, 

(8) dV ™/de| 9 = dV'"/del,_,. 

where U™(e; B) and V” (e; B) denote values 
of utility in equilibrium for maximizers of type 
1 and type 2 as a function of e for given B; 


and where U"(e;B) and V"(e;B) are the 
values of utility in equilibrium of nonmaxi- 


mizers of type 1 and type 2, respectively, as a, 


function of e for gen B.. 


PROOF: 
Let Y(p, 1) denote the indirect utility 
‘function of a type 1 individual. This function 


gives the maximum attainable utility corre- . 


sponding to alternative prices, p, and his 
income, J,, measured in terms of good 1. We 
can thus write: 


(9) ots B)=%( p(e; 8), 
X,+ p(e;B)x,(1+e)). 


where p(e;8) is the equilibrium value of 


price as a function of e for given 8. Differen- - 


tiating with respect to e.and applying Roy’s 
Identity yields 


(10) .dU"/del,_o 


=A lp + (¥— *3)(dp/de)|.-0] 


where A, is the marginal utility of income of l 


a type-1' consumer. Equation (10) shows that 
the welfare effect of a small endowment shock 
consists of two parts: the first part, p°x, is 
the value of the extra endowment evaluated 
at the initial price p°. The second part, (xX, 
— x3)(dp/de)|,_9, is the income effect of the 
price change caused by the endowment shock. 
Assuming that dp /de is negative, net sellers 
of good 2 (for whom (X%,— x3) is greater 
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than zero) lose from the price change; net 
purchasers gain. 

How does dU"/de as given by (10) com- 
pare to the welfare effect of the endowment 
shock on a type-1 nonmaximizer, who de- 
mands: good 2 inertially? He consumes x, = 
x5 and spends the rest of his income on good - 
1 so that his utility is, 


(11) U"(e;B) =U(¥, + p(e; B) 
-(%,(1+ 2)— x2), x3). 


Differentiating with respect to € at e=0, 
yields* 


(12) (dU"/de)|,-0= (WY 
l =À [ p°x, + (dp/de)|,=o(%2— x)| . 


It remains to show that inertial behavior by a 
fraction B of the population has a systemic 


. effect, in this case on the equilibrium prices 


in the economy and the welfare of all agents, 
which is first-order in e. 
Inspection of (10) indicates that nonmaxi- 


mizing behavior affects welfare only by alter- 


ing the price effect, dp(e; B)/de|,_. If there 
is trade in the initial equilibrium (so that 
X — x3 = yy — J, #0) nonmaximization has 
first-order real income effects provided that 
Proposition 2 is valid: 


PROPOSITION 2: 

(dp(e; B)/de— dp(e;0)/de)|,.9 #0. 
PROOF: 
The equilibrium price, WG B), is de- 
termined by the condition that the total de- 


mand for good 2 equals the total supply of 
good 2: 


(13) B(x3 + y2)+(1—-B)x2(p, h) 
+(1-B) y2(p, In) = (33+ +e), 


where J,,J, measure the income of type-1 


*p0,8)= p° for all 8. 
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and type-2 consumers in terms of good 1, 
and where x,(p, h) yop, I,) denote the 
demand for good 2 by maximizers of types-1 
and 2, respectively. 

Differentiation of (13) yields: 


m Ctl + F/B) 
e=0 H 


dp 


(14) de 





o ôx 
where G= z,(1- p’ JA Se) ah- P al 


ma Hn 825 82, Sty 


Oy, = 
ap | Op | al, 


+ 81,7?" 


In what we shall refer to as the “normal” 
case, the marginal propensity to consume 
each good is less than one, and the excess 
demand for good 2 is inversely related to its 
price. As a result of these two properties, in 
the normal case G > 0 and H<0. 

From. (14) the effect of nonmaximization 
on price can be calculated as: 


dp(e; B) 


(as) s _ dp(e;0) 


e=0 de 








e=0 
= B(X_ + })/(1-8)H. 


This last expression (15) is not equal to zero. 
The quantity G is the initial excess supply 
induced by the endowment shock when all 
agents maximize. The quantity H is the 
change in excess demand for good 2 induced 
by a change in price when all agents maxi- 
mize. When a fraction 8 of agents have 
inertial consumption of good 2, as in this 
model, it is as though the initial excess supply 
were larger than G by an amount A(x, + 

¥2)/C.— £). In the normal case, nonmaximi- 
zation causes a larger reduction in the price 
of good 2 with corresponding gains for net 
purchasers of good 2 and losses for net sup- 
pliers of good 2.6 These welfare effects are 
first-order moves along the economy’s utility 


‘There is an interesting special case where inertial 
behavior causes no change in the equilibrium. This 
occurs in the example of this section if consumption of 
good 1, rather than good 2, is adjusted inertially. 
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possibility frontier, but are not first-order 
departures from the frontier. 

Table 1 gives the results of simulations 
where Group 1 have utility function U= 
x#x}~% and Group 2 have utility function 
V=yjyi-’. In this example initial en- 
dowments are chosen so that there is consid- 
erable trade between the two groups and 
therefore the income effects of price changes 
are nonnegligible. Accordingly Group 1 are 
endowed only with good 2 and Group 2 are 
endowed only with good 1, so that initially, 
Group 1 are net buyers of good 1. 

The table shows the consequences of a 1 
percent increase in the endowment of good 2 
for various values of a and y. The “change 
in group utility” gives the difference in per- 
centage terms between the average utility of 
group members when a fraction B of the 
population are nonmaximizers and when £ 
= 0. Since Group 1 individuals are sellers of 
good 2, they lose as B increases because the 
fall in p is greater the larger is 8. Inspection 
of the table shows that the ratio between the 
change in group utility and the “Joss to 
nonmaximizers” is normally quite large. 


Ill. The Welfare Effects of Near-Rational 
Behavior in the Presence of Distortions 


Although near-rational behavior can cause 
first-order changes in the distribution of in- 
come or utility in an economy without dis- 
tortions, it cannot cause departures from 
Pareto optimality. Two examples presented 
in this section show that near-rational behav- 
ior can cause first-order changes in social 
welfare in an economy with distortions (for 
example, externalities, monopoly, taxes). The 
first example demonstrates that a near- 
rational, as opposed to a strictly ration- 
al, response to technical change by a mo- 
nopolist, can cause a first-order change 
in deadweight loss. The second example con- 
cerns a monetary economy. In such an econ- 
omy, with near-rational inertial demand for 
money by a fraction of the population, a 
money rain results in a first-order change in 
aggregate welfare. The externality occurs in 
this model because the utility of an agent 
with a given final consumption bundle of 
goods and money is dependent on the price 
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TABLE 1— PERCENTAGE Loss IN AVERAGE UTILITY AND PERCENTAGE LOSS IN UTILITY DUE TO NONMAXIMIZING ` 
BEHAVIOR FOLLOWING A 1 PERCENT INCREASE- IN THE ENDOWMENT OF GOOD 2 (e =1.0 PERCENT) 
: FOR DIFFERENT GROUP EXPENDITURE SHARES (a, y) AND FRACTIONS OF NONMAXIMIZERS ( 8)° 





B=.25 B=.50 B=.75 
Group 1 - Group 2 Group 1 Group 2 Group 1 Group 2 
Change» Loss° Change Loss Change Loss Change Loss Change Loss Change Loss 

a= 25 tine gr pi é 

¥ =.25 — 331 .015 969 076 —.973 OLS 2.791 321 —2.778 015 7.366 1.769 

y¥ =.50 ~.331 O15 1.651 026 -.973. 015 1.903 114 —2778 .015 5.247 668 

y=.75 > —.331 O15 - 326 009 —.973 015 956 039° —2.778 015 2.667 .233 
a=.50 r i : i ; 

y=.25 .—.330 .005 485 039 . —.978 .005 1.419. .123 —2.848 .005 3.959 .596 

y=.50 —.330  .005 .326  .013 —.978 005 964 042 —2.848 .005 2.762 .215 

y=.75 | ~.330 005 .163 004 —.978 005 484 014 —2.848 .005 1.397 .073 
a=.75 ; 

y =.25 —.329 002 .322 030 —.980 .002 950 076 —2.872 .002 2.708 321 

y =.50 —.329 002 .217 010 —.980 .002 . .645 026 —2.872 .002 1.874 114 

y=.75 .—.329 . 002.109 003. -.980 .002 .324 009 -2.872 -.002 .946 .039 





aEndowments: X,=0, X,=100; ï, =100, } = 


0; Utility Functions: both groups are assumed to possess 


Cobb- -Douglas utility functions with good 1 expenditure shares of a and y, respectively. > 
Change i in Group Utility (Change) isthe percentage difference between the average utility of group i individuals 
for the given £ and the utility of the same group when £ = 0. 
Loss of Nonmaximizers (Loss) is the percentage by which a nonmaximizer could increase his utility ‘by selecting 


the consumption bundle optimally. 


level. In the standard model without money, . 


an agent’s utility is only dependent upon his 
final consumption bundle. 


A. Monopoly and Technical Change . 


The Initial Equilibrium. Figure 2 illustrates 
the consequences of technical change in a 
monopolistic industry. The monopolist has a 
linear -demand curve p=a— bQ and pro-. 
duces output with constant marginal cost 
equal. to average cost, initially equal to .c. 
Initially the monopolist sets price to maxi- 


mize profit (where marginal revenue equals 


marginal cost.) 


The Shock. Now assume that a technical 
change occurs which reduces the monopolist’s 
costs by a fraction e to c’=c(1—e). If the 
monopolist maximizes following the shock, 
his output will expand from Q° to Q!. The 
change-in output Q'—Q°=ce/2b is pro- 
portional to the shock. The new deadweight 
loss is given by the triangle CHE in Fig- 
ure 2. 

Suppose, however, that the monopolist had 
kept price and output unchanged at ( p°, Q°) 
following the shock. The monopolist’s lossi in 








profit from failure to maximize is given by 
the area of the small triangle GJH, which is 
2e*/4b, This loss is second-order because 
each extra unit of output produced by the 
maximizing monopolist raises profitability by 
the difference between marginal revenue and 
marginal cost, which were initially equal: 
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In contrast, the social loss from the failure 
by the nonmaximizing monopolist to expand 
output is an order of magnitude larger than 
the private loss. Each extra unit of output 
sold creates social surplus equal to the gap 
between the price and marginal cost. The 
expansion of output by the maximizing mo- 
nopolist by ce/2b units following the techni- 
cal change results in social surplus in amount 
BJHC, which is approximately equal to the 
product of the difference between the initial 
price and cost and the expansion of output, 
or ( p° — cXce/2b). Geometrically, BJHC is 
the difference between the total deadweight 
loss in the nonmaximizing case (the triangle 


BJE) and the total deadweight loss in the ` 


maximizing case (the triangle CHE). 

To summarize, the behavior by the non- 
maximizing monopolist is near-rational, but 
the social loss from that behavior is first- 
order. 


B. The Welfare Consequences of 
Money Supply Shocks 


The next example of near-rational behav- 
ior is motivated by a finding that is con- 
sistently obtained in empirical research on 
portfolio choice. Economists who have esti- 
mated portfolio balance models, relating as- 
set holdings to’ the theoretically predicted 
determinants of optimal portfolio shares such 
as expected rates of return, the price level, 
and real income, routinely find long lags in 
the adjustment of actual to optimal holdings. 
For example, Stephen Goldfeld (1976) finds 
that the short-run partial elasticity of money 
demand with respect to the price level is .27, 
while theory offers the prediction that the 
elasticity should be unity. Sluggish adjust- 
ment of asset holdings seems perplexing since 
financial markets are usually thought to have 
low transaction costs. A possible explanation 
for inertial behavior is that the losses from 
failure to optimize are so small that people 
are slow to make the adjustments required 
by full optimization, permitting portfolio 
proportions to diverge from the optimizing 
levels for significant periods. If individuals 
are indeed near-rational in their portfolio 
behavior, the logic of this paper suggests that 
such behavior can have systemic repercus- 
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sions which affect social welfare. It is possi- 
ble to demonstrate the validity of this conjec- 
ture by means of an example based on a 
rudimentary model in the style of Patinkin. 


The Initial Equilibrium. Consider a pure ex- 
change economy with identical agents. Each 
agent has an initial endowment of a sin- 
gle commodity called “goods” in amount G 
and money in amount M,. All agents have 


: the same utility function: 


(16) 


where p is the price at which money is 
traded for goods, M is money held, and G is 
goods consumed.: Assume that initially the 
economy is in a “long-run equilibrium” with 
all agents choosing M and G to maximize 
utility subject to the budget constraint: 


(17) 


The condition that the goods and money 
markets clear permits the characterization of 
the long-run equilibrium. The initial price 
level p° is 


(18) 


The Shock. Now consider the consequences 
of a “money rain” resulting in an increase in 
the money supply by a fraction e with each 
agent receiving a proportional share. Such an 
operation is completely neutral if all agents 
optimize. The price level merely increases by 
a fraction e, real cash balances remain un- 
changed, and the utility of all agents remains 
unchanged. The failure of a fraction £ of the 
population to choose money holdings opti- 
mally changes the analysis, causing a money 
rain to have a negative effect on real welfare. 
Specifically, assume that a fraction £ of the 
population demand money inertially in the 
short run, keeping money holdings constant 
at M, in the face of changes in the price 
level.? The remaining fraction of the popula- 
tion choose money balances, given the price 


U=(M/p)*G-*, 


M+ pG=M,+ pG. 


p?= (1—a)M,/aG. 


7Akerlof (1979) has shown that with constant target- 
threshold monitoring, money demand will be indepen- 
dent of the price level. 
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STABLE 2- PERCENTAGE Loss IN AVERAGE UTILITY AND PERCENTAGE Loss IN UTILITY DUE TO NSNNAMIANG ' 


BEHAVIOR FOR DIFFERENT CHANGES IN PRICES (0); ELASTICITY OF UTILITY WITH RESPECT TO 


a REAL BALANCES (a); AND FRACTION OF NONMAXIMIZERS (£) 





‘ -8 =.05 < 0=10 
oot Percent Loss Percent Loss 
Percent Loss ` Due to Percent Loss Due to 
_in Average’ Nonmaximizing in Average Nonmaximizing 
Utility? _ Behavior? Ratio of Utility? | Behavior? Ratio of 
a) (OE Ato) . (C> E (2) (1) to (2) 
a=] / ; , Š s 
B=.25 . .132 ` .012 11.0 25T 046 5.6 
B=.50 .256 - O12 21.3 500 044 11.4 
B=.75 375 O11 34.1 .730 042 17.4 
a=.3 > ; : : 
B=.25 471 f .041 11.5. .917 .152 6:0 
-< B=.50 .857 z .034 25.2 1.667 .127 13.1 
. B=.T75, 1.180 .029 40.7 2.291 .109 21.0 
a=.5 : . 
B=.25 971 074 13.1 1.886 275 6.9 | 
«Bp =.50 1.613 052 31.0 3.125 - 196° 15.9 
B=.75 ` 2.069 ; 039 53.1 4.000 146 27.4 


a Percentage loss in average utility equals (U - U,)/U;)X100. 
> Percentage loss in utility due to nonmaximizing ‘behavior equals (U” — U”)/U")X100. 


level P, to maximize ‘utility. Optimal money 
holdings are 


(19) 


The equilibriim condition that the demand 
for money by maximizers and nonmaxi- 
mizers must equal supply, following the 
shock, determines the new equilibrium price 


level, P(e, BY: 
(20) BM,+(1-B)al p(e,B)G 


M”= a( pē + M,(1+e)). 


+ M,(1+e)] = M,(1 + e). 


Solving for the change in the price level, 0, . 


as a function of € yields 
(21) 6=(p(e,B)— p°)/p° 


=. trali-8) 
(1—8)—a(1— b): 


The failure of some agents to add to their 
money: balances’ means that the price level 
must change by enough tò induce the re- 
maining fraction to hold all the extra money. 
As a result, the price level rises by a larger 


e>e for0<f<1. 


percentage than the money supply increases. 
Real balances per capita are lower‘in the new 
equilibrium. The percentage decline in aver- 
age real cash balances is e(d6/de —1). 

Defining the loss from nonmaximization 
as £(e)=U™ —U", it follows from the en- 
velope theorem, or can be verified by tedious 
computation, that f 


(22) 


The individual loss due to nonmaximization 
is second-order. In contrast, the reduction in 
the equilibrium level of per capita real cash. 
balances due to nonmaximization causes a 
first-order loss in average utility, U, defined 
as a weighted average of the utilities of maxi- 
mizers and nonmaximizers. Because the dif- 
ference between U” and U” is second-order, 

average utility is, to a first-order of ap- 
proximation, equal tothe. utility of a hypo- 
thetical person with. average money- holdings 
and the average holdings of -goods. In the 
new equilibrium, average goods consumed 
remain unchanged at ‘G, but average real 
balances decline by e(d0/de—1). As a re- 
sult, social loss, which is the percentage 
change in average utility due to a 1 percent’ 


dL /de\,.9 = 0. 
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increase in the money supply, is approxi- 
mated by: 

„an de 
(23) -a| 5-1) =~ a8/(1-a)(1-8); 
the last expression is the product of the 
elasticity of utility with respect to money 
balances and the percentage change in money 
balances due to a 1 percent change in the 
money supply. 


Simulations. For various values of a and £, 
Table 2 gives the percentage loss in average 
utility when e is selected to produce a price 
level change of 5 and 10 percent, respec- 
tively; this is compared to the percentage 
loss in utility suffered by individual nonmax- 
imizers as a consequence of their failure to 
optimize. These individual losses are every- 
where extremely small while the ratio of the 
two losses is quite large. 


TV. A Model of Partial Cartel Formation 


In the absence of sanctions for cheating, it 
is generally agreed that firms in an oligopo- 
istic industry producing a homogeneous out- 
put over any finite time horizon are unlikely 
to be able to reduce output to the jointly 
profit-maximizing level. If firms try to col- 
lude to restrict output and earn significantly 
higher profit, it is argued ‘that the large gap 
between marginal cost and marginal revenue 
at that point will create a strong incentive to 
cheat. As is well known, with perfect infor- 
mation and strictly maximizing behavior by 
all firms, the cartel outcome cannot be sus- 
tained as a noncooperative Nash-Cournot 
equilibrium if the industry’s life is finite. This 
section shows, however, the existence of op- 
portunities for cartel formation which re- 
strict output enough to significantly raise the 
.profits of cartel members which are neverthe- 
less “viable” in the sense that the potential 
gain from cheating is second-order small (al- 
though not nonexistent). 


The Initial Equilibrium. Assume that n iden- 
tical firms produce a homogeneous output 
for a single period. Industry demand is p= a 
~ bQ. Each firm has the same constant mar- 
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ginal = averagé cost=c. Each firm is as- 
sumed to follow the Cournot strategy of 
producing that output which is optimal given 
the outputs selected by rivals. In the unique 
Nash-Cournot equilibrium, the output of 
each firm q?, profits II? and the price p° are 


(24) g?=(a—c)/b(1+n), 


(25) I?=(1/b)((a—c)/(1+n))’, 


(26) p°=(atnce)/(1+n). 


The Shock. Now suppose that a cartel is 
formed in the industry. In this model the 
shock is just a voluntary output cutback by 
firms in the cartel, as in the case of the 1973 
oil shock. Members of the cartel cut back 
output by a fraction e. A fraction £ of the 
firms are noncheaters and producers the pre- 


‘scribed output, q?: 


(27) gt=(1—e)(a—c)/b(1t+n). 


Assume that the remaining firms decide to 
cheat instead of adhering to the cartel agree- 
ment. They select their output to maximize 
profit in the usual Cournot fashion, choosing 
that output qj”, which maximizes profit given 
the outputs of all other maximizers and all 
nonmaximizers. The optimal output for a 
“maximizer” (cheater) satisfies the first-order 
condition that the marginal return to one 
additional unit of output, given the output of 
other firms is zero: 


(28) dI1,,/dqj" = a— bQ— bqj"—c=0, 


where Q = Bng? +(1— B)ngj" = aggregate 
output: Solving for q;” yields 


(29) ‘i a — c — bBnq} 


qi = b[1+(1—B)n] >q’, 


where- q; is given by (27). Each firm that 
cheats produces more than the Nash-Cour- 
not equilibrium output, qf, but aggregate 
industry output falls nevertheless. Straight- 
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forward calculation shows 





dO _ — Bn(a-c) a 
(20) de leo b(1+n)[1+n(1-B)] > 
dp _ (a-—c)Bn 
(31) dele-o (1+n)[1+ (1-8) io 





Profits of maximizers, who produce more 
and sell their output at a higher price, rise 
unambiguously. Nonmaximizers produce less 
but sell their output at a higher price. Their 
profits will also rise if they are sufficiently 
numerous. The exact condition is 


dIl, > > ltn 
(32) re 20 as BS a 


e= 








For the noncheaters to gain they must be at 
least half of the industry. 

These results show that the partial cartel 
can have a first-order effect on industry prof- 
its and. potentially raises the profits of all 
firms by a first-order amount, even with a 
significant fraction of firms cheating. 


Reward to a Nonmaximizer from Defecting. It 
remains to show that the reward to a non- 
maximizer from defecting is second-order 
` small. Let II* denote the “perceived” maxi- 
mum profit which a typical nonmaximizer 
would potentially gain by altering his output 
to the optimum. Letting Q,_,=(1— B)nq;" 
+(Bn—1)qj denote the output of all firms 
in the industry with the exception of the 
potential cartel defector, the defector con- 
templates choosing a new output, g*, to 
maximize his profit on the assumption that 
Q,,-1 Will remain unchanged. The optimal 
defection output satisfies a condition com- 
parable to (28): 


(33) a—b(Q,-1+ 9%)—¢- bax =0. 


The potential defector knows that the new 
price resulting from his defection is 


p*=a-b(Q, +47), 


so that I[*=(p*—c)q*. Defining the ex- 
pected loss from not cheating as (e) = II* 


(34) 
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— II, it is straightforward to show that 


dL 


(35) on = d(II*-,) 


e=0 de 





e=0 


The expected gain from defecting from tke 
cartel is second-order small. 

For a numerical illustration, let a=10, 
c=0, b=1, and n =9. In the Nash-Cournct 
equilibrium q? =I? =1; p°=1 and Q=8. 
Assume that a cartel is formed and members 
agree to cut back output by 10 percent © 
that g/'=.9. Assume that 7 firms are nor- 
cheaters, but 2 firms cheat. The cheaters each 
produce g/" =1.233. Cheaters earn profit cf 
1.52, gaining 52 percent. Noncheaters eara 
profit of 1.11 for a gain of 11 percent. A 
potential defector from the cartel would find 
it optimal to produce q* = 1.066. His defec 
tion would lower the price from 1.233 t> 
1.066. His potential profit, II*, is thus 1.13€, 
which represents a gain of only 2.5 percert 
in profit. 


` V. Conclusion 


This paper has presented a method for 
analyzing some implications of near-rational 
nonmaximizing behavior. According to thz 
basic result, in a disturbance of an equi 
librium in which all agents fully maximize, = 
many agents engage in the same type of 
nonmaximizing behavior, their individual 
losses, due to the envelope theorem, will bz 
second-order (in terms of the parameter de- 
scribing the disturbance) while the effect of 
their nonmaximizing behavior on the re- 
sultant equilibrium is frequently first-order- 
The four examples above illustrate the appli- 
cation of this result to microeconomics. 
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Employment Tenure and Earnings Profiles 
in Japan and the United States 


By MASANORI HASHIMOTO AND JOHN RAISIAN* 


A long-term employment relationship in 
Japan has been cited often as a principal 
reason for Japan’s high labor productivity. 
Yet, recent discussions suggest that Japan 
may not be unique in enjoying strong em- 
ployer-employee attachment. What are the 
facts? Are they consistent with the existing 
theories of long-term employment? These 


questions motivate the analysis of this paper. - 


In light of the controversy about whether 
employment tenure differs between the two 
“ countries, an analysis is required as well for 
earnings profiles. Are they different? Are ob- 
.served differences in tenure and in earnings 
profiles consistent with each other? Reex- 
amination of the evidence leads us to con- 
clude that, contrary to the impression created 
by recent literature, long-term employment is 
more prevalent in Japan than in the United 
States. Also, earnings-tenure profiles are more 
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steeply sloped in Japan than in the United 
States. Finally, employment tenure in small 
Japanese firms is not universally short, as 
popular discussions suggest. 

The paper is organized as follows. In Sec- 
tion I, we compare employment tenures in 
Japan and the United States. We also ex- 
amine firm-size differences in employment 
tenure for the two countries. To assess the 
consistency of our findings with the recent 
theories on employment contracts, we ex- 
amine differences in earnings profiles be- 
tween Japan and the United States in Sec- 
tion II. The paper ends with a summary and 
concluding remarks in Section III. 


I. Employer-Employee Attachments in Japan 
and the United States 


The practice of lifetime employment in 
Japan has been viewed as a symbol of unique 
industrial relations in that country. Under 
this practice, an employee is hired by a firm 
immediately upon graduating from school, 
receives training on the job, and remains 
with the same employer until his retirement. 
Recently, journalists and academicians have 
taken issue with this.’ Some have argued that 
the prevalence of lifetime employment in 
Japan is much too exaggerated. They point 
out that such practice applies to only about 
30 percent of the male labor force. Further- 
more, most workers are forced into retire- 
ment at age 55 with only modest company 
pensions and public social security that does 
not begin until the age 60.7 Others have 


1See, for example, B. Bruce-Briggs (1982), Mitsuo 
Tajima (1982), Kazuo Koike (1977), Robert Hall (1982), 
and Walter Oi (1983a,b). 

2See Bruce-Briggs. Note, however, that the manda- 
tory retirement age in Japan has been rising steadily 
during the past ten years or so, though most retirement 
still occurs at ages below 60. In Japan, payment of lump 
sum amounts at the time of retirement rather than an 
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noted that long-term employment is much 
more prevalent in the United States than one 
might have thought, and even more prevalent 
than in Japan (for example, Robert Hall). A 
nonspecialist trying to ascertain the facts 
about lifetime employment in the two coun- 
tries might find the recent literature confus- 


ing, but on balance would likely view the ' 


reported evidence as pointing to the conclu- 
sion that long-term employment is not unique 
to Japan. f 

The idea that long-term employment may 
be more prevalent in the United States than 
in Japan originates in Kazuo Koike’s study 
(1977; see also 1978), which is cited by at 
least two prominent U.S. economists. Hall 
relies on Koike’s evidence in commenting 
that “...tenure of fifteen years or longer is 
actually more common in the United States, 
in spite of the celebrated nenko system of 
lifetime employment in Japan” (p. 717). 
Walter Oi also refers to Koike’s evidence 
when he says: “The myth of the protected 
and coddled Japanese worker was so perva- 
sive that I never questioned its validity. A 
very different picture is painted by Koike...” 
(1983b, p. 70). It is natural to begin by 
reexamining Koike’s evidence, which has 
generated much interest. To be fair, it should 
be noted that the evidence in question oc- 
cupies only a small portion of Koike’s exten- 
sive and valuable study. 

Figure 1 reproduces Koike’s data showing 
that the percent of male workers with fifteen 
or more years of tenure is indeed greater in 
the United States than in Japan. We think 
that this comparison is misleading because 
the Japanese data is for 1962. The perma- 
nent employment practice became wide- 
spread in Japan only after the mid-1950’s. 
Before then long-term employment was 
limited to highly skilled and management- 
level workers in large firms. It is not surpris- 
ing, then, to find that the proportion of 


workers with fifteen years or more tenure is © 


annuity is common practice. Our preliminary examina- 
-tion reveals that the average lump sum payment is not 
much different from the present value of average pen- 

` sions given to American workers. Since the Japanese 
retire earlier than Americans, however, annual payments 
are smaller in Japan. 
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FIGURE 1 


not large in 1962. Postwar confusion in the 
Japanese economy makes the pattern ob- 
served by Koike even more plausible. A 
proper comparison must be based on more 
recent data for Japan than 1962. To this end, 
Figure 2 compares the distribution of tenure 
for the two countries in the late 1979s. The 
comparison of the two figures clearly indi- 
cates that long-term employment is distinctly 
more common in Japan than in the United 
States.? This conclusion is further corrobo- 
rated by other evidence discussed below. 
Table 1 compares the prevalence of long- 
term employment in the two countries. Col- 
umn 6 lists the fifteen-year job retention 
rates. These are the estimated probabilities 
that males in a given age-tenure category will 
be with the same employer fifteen years later.* 
The rates are calculated as the proportion of 
workers in a given age-tenure category in the 
initial year with a correspondingly higher age 
and tenure fifteen years later. Although the 
Japanese employment surveys only infre- 


3%t is worth noting that even in-earlier years (see 
Figure 1), the proportion of 40 to 54-year-old males 
with 15+ years of tenure is greater in Japan (43.4 
percent) than in the United States (34.1 percent). In 
Figure 2, the tenure values of (2-5), (5-10), and (10-15) 
for Japan actually indicate (3—4), (5-9), and (10-14), 
respectively. This discrepancy is due to the fact that the 
published data are grouped differently for the two coun- 
tries. 

*Calculations for Tables 1 and 2 use Hall’s proce- 
dures. 
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quently contain information on employment 
duration, the necessary data for this calcula- 
tion fortunately are available for a compar- 
able period in the two countries.. Following 
Hall, the number of workers is divided by 
the civilian noninstitutional population, rath- 
er than by the number of employed persons, 
to take .account of all sources of mobility 
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including mobility between labor-force and 
non-labor-force activities as well as among 
different employers. 

According to Table 1, for Japan in 1962, 
33.5 percent’ of males ages 15-19 were in the 
0—5-year tenure category. Fifteen years later 
in 1977, 12.2 percent of males ages 30-34 
were in the 15—20-year tenure category. (Per- 
cent distributions for terminal years, 1977 
for Japan and 1978 for the United States, are 
not reported in Table 1 to save space.) 
Therefore, the fifteen-year job retention rate 
for these males is 36.4 percent. As this table 
clearly illustrates, job retention rates are con- 


. siderably higher in Japan than in the, United 


States. For example, among those who are 
20—24-years old with tenure-of 5+ years, 65 
percent in Japan retain the same job fifteen 
years later, but only. 30 percent do so in the 
United States. In both countries, job reten- 
tion rates are lower among younger workers 
and among those who are in a low-tenure 
category at the start. This’ finding is ex- 
pected, as young workers are often in the 
process of shopping for their ultimate 2m- 


‘ployment, while those with ‘low tenure at the 


te 


TABLE 1—DISTRIBUTION OF MALE POPULATION BY AGE AND TENURE 





. 15-Year Retention Rates: i 
` Percent With Tenure 





Tenure Percent of, Percent With Tenure “1962-77 . 
Age (Years) Population <1 Yr. >10 Yrs. (%) Age’: <10 Yrs. > 20 Yrs. 
mae) (2) BO) (4) (5) (6): (OE (8) (9) 
l p 1962 Japan 1977 
. 15-19 0-5 33.5 13.1 0 36.4 30-34 ` 40.0 0.3 
20-24 + “0-5 51.7 8.9 1.0 45.1 35-39 -' 25:2 9.4 
ae 5+. 14:4 65.3 . - a » i 
25-34 0-5 27.4 5.0 19.8 42.7 40-49 . 18.6 30.9 
we 54 42.3 73.0 ee 
35-39 0-5 15.7 3.5 37.6 . 37.7 50-54. 16.4 37.5 
5+ ' 49.4 75.9 OOS ' 
. 1963 j United States 1978 
14-19 0-5 25.1 -16.8 -0 5.6 30-34 ` 76.4 0.1 
20-24 0-5 64.7 35.9 0:5 13.0 35-39 62.9 1.5 
. 5+ 5.1, 30.0 
25-34 0-5 54.3 22.3 9.5 22.2 40-49 ` 48.3 15.5 
© 54 32.9 . . = 4713 te 
35-44 0-5 34.9 14.5 36.5 24.4 ` 50-59 34.1 29.6 
5+ 54.3 g 54.5 
45-49 0-5 28.8 11.7 45.0 17.2 60-64 22.0 23.8 
5+ 59.3 - 40.1 : a 





Sources: Calculated from the Basic Súrvey of Employment, 1962 and 1977 for Japan and the Special Labor Force 
Report, No. 36 (1973) and No. 235 (1978) for the United States. i 


724 a~ - : THE AMERICAN ECONOMIC REVIEW -© SEPTEMBER 1985 


TABLE 2— THE NUMBER OF DIFFERENT JOBS PER MALE WORKER: JAPAN (1977) AND UNITED STATES (1978) 


‘New Jobs Started per Year* Cumulative Number of 

Per Person Over The Age Interval New Jobs to the Age 

7 Japan? . US. - Japan eae o hoa Japan U.S. 
Age () Q o O D ` 6 (6) 
16-19 0.19 0.50 0.76 2.00 ` 0.72 2.00 
20-24 0.26 0.48 1.30 2.40 2.06 4.40 
25-29 0.13 0.35 0.65 1.75 2.71 6.15 
30-34 ` 0.08 0.25 0.40 1.25. 3.11 7.40 
35-39 0.07 0.18 0.35 0.90 3.46 _ 8.30 
40-54 0.05 0.13 0.75 1.95 4.21 10.25 
© 55-64. - 0.07 0.07 0.70 0.70 4.91 10.95 
65-69 f — 0.04 —. 0.20: — 11.15 
70+ i — 0.01 — 0.01 — 11.16 





Sources: Calcùlated from the Basic Survey of Employment (Japan), 1977, and the Special Labor Force Reports Contes 


States), No. 238, 1978. 


a Cols. 1 and 2 are twice the ratio of persons with new jobs to population, and cols. 3 and 4 are, respectively, cols. 1 


and 2 times the, age span. 


>Persons with new jobs in Japan refer to those who changed jobs within a year plus those who were not working a 
year ago but who are working now. For the U.S., persons with new jobs are those with tenure of 6 months or less. 


start are characterized by relatively high 
turnover. ` 

“Columns 4, 5,:8, and 9 in Table 1 provide 
related information on tenure distributions. 


Both the proportions with tenure of less than 


one year in the early 1960’s (col. 4) and less 
than ten years in the late 1970’s (col. 8) are 


smaller in Japan than in the United States. . 


-= Note also that the proportion of older em- 
‘ ployees who have worked for the same com- 
pany for twenty or more years is higher in 
Japan than in the United States (col. 9). This 
finding is contrary to the recent claim that 
such a proportion is greater in Western 
countries than in Japan.’ It also reinforces 
the conclusion drawn from the comparison 
of Figures 1 and 2 that employment tenures 
are longer in Japan, and that this pattern is 
not an artifact of the age-demographic com- 

. positions of the respective populations. 

Table 2 summarizes our attempt to answer 
the question: how many jobs will a typical 
male worker hold during his working life? 
The appropriate information is contained in 
columns 5 and 6 and depicted in Figure 


- 5Sée Tajima. Keep in mind that mandatory retire- 
ment occurs mostly at age 55 in Japan; thus, the com- 
parison of older workers must be with those under age 
55 for Japan. 


3. As described in the notes. to the table, 
this information is determined incrementally 


_ using information contained in columns 1-4. 


For the United States, the number of new 


- jobs per year in column 2 is calculated as 


twice the reported ratio of population with 


. tenure of six months or less. For Japan, the 


relevant information is available-in terms of 
the number of persons who changed jobs 
within the past year plus those who were not 
working a year ago but are working now. 
The ratio of this number to population would 
seem to be a natural counterpart tothe U.S. 
figures. However, there is no way of knowing 
how often these individuals changed jobs 
during the year. We simply assume that all 
these workers have had tenure of six months 
or less, and double the ratios, as in the U.S. 
calculations. By doubling the ratio for Japan, 


’ we may be overstating the number of new 


jobs started in that country. Yet, if we did 
not augment the Japanese magnitudes, the 
statistics would not be comparable to the 


. U.S. magnitudes, and furthermore would un- . 


derstate the rate of turnover in Japan.® Even 


®The U.S. magnitudes are understated ‘to the extent 
that turnover occurs for individuals who do not hold a 
job even for six months. This understatement is ex- 
acerbated for Japan since the interval length for.initial 
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with: the likelihood of overstatement, we find 
the cumulative number of jobs ‘held to be 
much smaller in Japan than in the United 
States (compare cols. 5,6, and Figure 3). By 
the time a typical worker reaches age 65, he 
would have had approximately five jobs in 
Japan and eleven jobs in the United States. 
According to- Table 2, job shopping. is 


more intense for both countries in the early. 


working years. By-age 24, the average 
Japanese male has held 2.06 jobs out of 4.91 
jobs he will hold in his working life. An 
average American male has held 4.4 jobs out 
of 11 or so jobs he will hold. Interestingly, a 

typical worker. has held a similar percent (40 
percent) of the eventual number of jobs by 
age 24 in both countries.’ During the next 





tenure is one year. We feel it is important to make every 
attempt to have.the statistics between the two countries 
be comparable, so we doubled the Japanese magnitudes, 
In our judgement, this procedure overstates the true 
comparable Japanese magnitudes, but it has the effect of 
making thè contrasts between the two countries to be 
lower-bound estimates of the true contrasts, and serves 
our purposes well. 

TNote that we are talking about the life cycle pattern 
of job changes in this table. American. youths generally 


ten. years, by age 34, the Japanese male will 
have held an additional 1.1 jobs, but the 
American male will have held 3.0 jobs. Close 
to retirement (age 40—54 in Japan and 55-64 | 
in the United States), 0.05 jobs per year are 
added in Japan and 0:07 jobs per year in the 
United States. It is apparent from this table 
that job turnover during the life cycle is 
much greater in the United States than in 
Japan. 

With regard to firm-size differences, Ja- 
panese scholars have often emphasized what 


change jobs more often than youths in other industrial- 
ized countries. In the early 1970’s, the percent of youths 
between the ages of 18 and 24 with work experience who 
had changed employers more than 4 times was a striking 
27.6 percent for the United States, a figure which was 
much higher than those for France (17.4), England 
(14.3), Sweden (10.8), Switzerland (10.5), West Germany . 
(5.7) and Japan (2.7). (See Robert Cole, 1979, p. 95.) 
Our calculations for females also indicate that U.S. 


© women change jobs more than Japanese women (results 


available on request). It should be noted that labor 
turnover in Japan was not always low. Indeed, turnover 
in the early 1900’s was quite high (Koji Taira, 1970, 
ch. 6), and the industrial relations were far from being 
harmonious during early post-World War II years 
(Haruo Shimada, 1983). 
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TABLE 3— PERCENT OF EMPLOYED MALES BY TENURE AND FIRM Size: 1979 

Japan _ United States 

All Tiny Small Medium Large All Tiny Small Medium Large 
Years (1) 2) (3) 4) (5) (1) (2) QB) 4) (5) 
<1 79 10.4 97 7.7 3.8 19.4 29.7 22.3 16.0 11.2 
l-4 21.5 24.8 22.2 21.6 13.5 30.6 37.7 37.1 32.2 24.4 
5-9 22.2 20.4 22.4 23.9 21.8 19.4 16.0 18.5 21.3 21.7 
10-14 17.7 16.4 16.6 18.9 19.1 11.7 7.6 8.9 12.6 15.4 
15-19 11.9 9.1 10.0 12.3 16.2 6.5 3.9 5.2 13 8.4 
20+ 18.8 18.7 16.0 15.7 25.6 12.4 5.0 7.9 10.5 18.8 
Median 8.2 8.0 8.0 8.1 12.0 4 2 3 5 7 
Eventual Tenure 25.0 23.6 22.4 23.6 30.8 15.6 9.6 12.2 15.4 20.6 


Sources: Calculated from the Basic Survey of Employment (Japan), 1979, and the Current Population Survey (United 


States), 1979. 


Note: Employed males in private industries. Tiny =1-9 for Japan and 1-25 for United States, Small = 10-99 for 
Japan and 26-99 for United States, Medium = 100-999, and Large means 1000+ for both countries. Eventual tenure 


is calculated as twice the mean tenure. 


they consider to be the unique role of firm 
size in the Japanese economy, as evidenced 
in the literature on the “dualistic” labor 
market (see, for example, Konosuke Odaka, 
1967; Yasukichi Yasuba, 1976; Carl Mosk 
and Yoshi Nakata, 1983). In the United 
States, however, firm size has not been central 
to the study of wages and employment (for 
exceptions, see Richard Lester, 1967; Stanley 
Masters, 1969; Albert Rees and George 
Schultz, 1970). Recently, however, perhaps 
stimulated by the availability of firm-size 
information in the recent supplement to the 
Current Population Survey, there has been 
renewed interest in firm-size differences in 
wage and employment characteristics (see 
Wesley Mellow, 1982; Walter Oi, 1983a, b). 
We focus at this point on how job tenure 
differs by firm size, as reported in Table 3, 
and offer additional information on firm-size 
differences in other economic magnitudes in 


Table 4. The latter table is noteworthy be- 


cause firm-size differences in other selected 
variables are quite similar in the two coun- 
tries. Thus, rather than being unique to 
Japan, the so-called dualistic market phe- 
nomenon may reflect little more than some 
underlying causal factors which operate in 
the two countries, or any country for that 


` matter. 


In Table 3, we present tenure distributions 
by four firm-size categories for each of the 
countries. Also, we present the median tenure 
and a crude estimate of the eventual tenure 
of jobs that are currently held. The latter 


Statistic is computed by doubling the mean 
tenure value, a procedure that is common in 
the unemployment duration literature (see 
Stephen Salant, 1977; George Akerloff and 
Brian Main, 1981). All of these statistics 
indicate that the employer-employee attach- 
ment is stronger in Japan than in the United 
States. There is also a definite tendency for 
longer tenures to occur in larger firms. One 
reason for firm-size differences in job tenure 
is the well-known higher failure rate for small 
firms than for large firms. If the differential 
failure rate were the sole factor, however, the 
compensating principle would lead one to 


_ predict higher wages in smaller firms. Avail- 


able evidence suggests that the opposite is 
true. For example, Haruo Shimada has shown 
that, in both countries, wages are higher in 
larger firms throughout workers’ life cycles 
(1981, pp. 71-74). Also, according to Robert 
Cole’s study of workers in Yokohama (1979, 
pp. 87-90), the proportion of job leavers due 
to involuntary discharge, which presumably 
includes the case of business failures, is, if 
anything, highest in the largest firms and 
lowest in the smallest firms. Thus, there must 
be more to firm-size differences in job tenure 
than just the differential failure rates.’ Failure . 


°Another reason for lower turnover in larger firms 
may be that workers in these firms have more opportu- 
nities to change jobs without changing employers. In- 
deed, according to Cole’s evidence (pp. 80-81), in- 
trafirm mobility increases with firm size in both 
Yokohama and Detroit. 
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TABLE 4—FIRM-SIZE DIFFERENCES* 
All Industries Manufacturing Nonmanufacturing 
Small Med. Large Small Med. Large Small Med. Large 
0 @® 8 BY © o 6 6B) M B (3) G/1) 
Earnings” Japan 1980 
(a) Actual © 196.7 214.9 2573 -1.3 195.6 213.9 2512 13 1973 215.6 263.1 1.3 
(b) Contract 181.6 193.0 223.7 12 1768 187.1 2121 412 1841 197.0 2347 13 
(c) Bonus 482.3 7312 1069.7 2.2. 480,6 739.3 9804 2.0 483.2 725.7 11543 24 
Ratio: c/a ` 25 34. 42 2.5 3.5 39 2.4 3.4 44 
c/b 2.7 3.8 4.8 2.7 4.0 46 2.6 3.7 4.9 
Hours Worked ; 
(a) Contract 194 182 167 0.9 195 180 165 0.8 193 183 . 169 0.9 
(b) Overtime 15 18. 21 14 19 21 23 12 13 16 19 1.5 
Ratio: b 9 a 0.08 0.10 0.13 0.10 0.12 0.14 0.07 0.09 0.11 
Education? (Percent) ` 
‘Low . 41.2 29.7 26.1 0.6 - 523 373 33.5. 06 354 245 19.1 0.5 
College 11.9 22.2 25.7 22 84 174 180 21- 138 25.5 33.0 24 
Tenure (Years) 8.5 10.2 13.9 16 9.5 116 147 15 8.0 9.4 131 16 
Age 39.0 37.0 371 10 404 372 368 0.9 -38.3 369 37.4 1.0 
Earnings ($) l United States 1979 i 
Annual 13445 16715 18500 1.413883 15882 18712 1.3 13357 17103 18284 1.4 
Weekly 267.5 3295 359.6. 1.3 270.2 306.3 3616 1.3 267.0 3403 3576 13, 
Hours Worked 
Weeks/Yr. 498 50.7. 513 10 510 517 517 10. 495 50.2 510 10 
Hours/Wk. 42.0 42.8 424° 10 41.7. 425 426 10 420 42.9 42.2 4.0 
Education? (percent) 
Low 27.9 19.0 15.7 06 342 279 195 06 26.7 ` 14.8 11.9 04 
College ; 16.3 29.4 27.0 17 92 154 189 21 17.7 35.9 35.1 2.0 
Tenure (Years) 5.3 77 . 103 19 6.0 88 116 19 5.1 72 9.0 i8 
Age 36.2 376- 384 11 368 383 390 11 361 373 378 10 
Union (Percent) 16.3 33.2 44.7 ` 27 19.1 344° $18 27 32.6 37.6 24 


“Employed males in nonagricultural private industries, 
PLow means less than 12 years of schooling, college means 16 or more years of schooling, 
°1000 Yen: Actual and Contract Earnings are Monthly, Bonus is Annual. 


rates are relevant, however, insofar as they 
affect the incentive to invest in firm-specific 
capital. 

Although job tenure is longer in large 
Japanese firms, it-is quite long even in the 
tiny and small firms.. This finding - raises 
doubts. about the popular belief that life-time 
employment -is only a large-firm phenome- 
non. : Indeed, some recent studies indicate 
that there exists a significant degree of “ pa- 
ternalism” among small-scale Japanese em- 
ployers.!° Moreover, Cole’s evidence noted 


10Tn an illuminating ethnographic study of a‘small 
pencil maker in a low-income section of Tokyo, George 
De Vos and Hiroshi Wagatsuma (1973), describe how 
small firms try to emulate the traditional “paternalism” 
2mployment relationship. Employees are let go only in 
the event of business failure or antisocial behavior. 
Yasuba (pp. 285-86) argues that the traditional pater- 
aalistic and personalistic human relations continued into 
2mployer paternalism in small firms during the early 


15.7 


above casts doubt on the common observa- 
tion that firing in Japan is done mostly by 
small firms. Our evidence together with Cole’s 


. suggests that small Japanese firms managing 


to survive do exhibit a tendency for long-term 
employment. Thus, the common assertion 
that Japanese small firms operate much like 
casual labor markets is not entirely accurate. 

To .summarize, long-term employment re- 
lationships are more prevalent in Japan than 
in the United States, though both our evi- 
dence and that of Hall’s indicate that em- 
ployer-employee attachment is by no means 


years of Japan’s modernization. Cole distinguishes be- 
tween the “personalized paternalism” of small firms and 
the “administrative paternalism of the large firm” (pp. 
21-22). Admittedly, the concept of paternalism is not 
economic, but we find these references significant in- 


. sofar as they underscore the existence of -long-term 


employment relationships even among small firms. 
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weak in the United States. In both countries, 
one observes a tendency for larger firms to 
have a stronger employment relationship. 
Contrary to popular belief, however, employ- 
ment tenure in small Japanese firms is not 
universally short. 


Il. Earnings Profiles in Japan and 
the United States 


We now investigate the difference in earn- 
ings profiles between the two countries. Al- 
though some evidence is available on this 
issue (for example, Masatoshi Kuratani, 
1973; Shimada, 1981), it is useful to re- 
examine the evidence for two reasons. First, 
not only are our data more recent than the 
data used in the previous studies, but they 
enable us to control for firm-size effects di- 
rectly, a feature lacking in the previous stud- 
ies. Second, previous studies relied solely on 
the regression coefficient of tenure on earn- 
ings, or the slope of the earnings profile, to 
draw conclusions. For reasons discussed be- 
low, a proper and fuller comparison is based 
instead on the number of years it takes to 
reach the peak earnings and the value of the 
peak earnings as well as the slope. 

The recent literature offers a variety of 
reasons for expecting the earnings-tenure 
profile to be related to employment duration. 
Notable explanations include the firm- 
specific human capital, the screening, and 
the agency hypotheses.!! The literature is un- 
settled as to the relative merits of these 
hypotheses, however. To assess which hy- 
pothesis dominates as an explanation of 
the differences between the Japanese and the 
U.S. labor markets is a formidable task, and 
is beyond the scope of this paper. Rather, the 
purpose of this section is to determine if 
Japan-U.S. differences in employment tenure 
and the shape of earnings profiles are con- 


11 The specific-capital hypothesis is by now familiar. 
See Gary Becker (1962), Hashimoto (1979), and Lorne 
Carmichael (1983). According to Joanne Salop and 
Steven Salop (1976), employers may use upward-sloping 
earnings profiles to discourage those with high propen- 
sity to quit from seeking employment (the screening 
hypothesis). Edward Lazear (1979) offers the agency 
hypothesis, which views steeply sloped earnings profiles 
as a device to discourage employee shirking. 
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sistent with the prediction, common to these 
hypotheses, that jobs with longer employ- 
ment duration will have more steeply sloped 
tenure profiles. 

In specifying an earnings function, two 
key variables are experience acquired in the 
current firm (i.e., tenure) and previous ex- 
perience. The sum of the two experience 
components is the total, or potential work 
experience. We estimate Mincer-type earn- 
ings regressions, which hold constant total 
experience (see Jacob Mincer, 1974, and 
Mincer and Boyan Jovanovic, 1981). In par- 
ticular, we examine coefficient estimates of 
the following earnings function for each of 
the two countries: 


G) MY=ay+a,jt+a,j?+b,n 
+ bn? +cjn+zdt+e, 


where In Y is the logarithm of earnings, j is 
the total years of work experience (i.e., age 
minus years of schooling minus 6), n is the 
number of years of tenure in the current 
firm, z is a vector of other explanatory vari- 
ables, e is the disturbance term, the a’s, b’s, 
and c are constants, and d is a vector of 
constants. | 

The human capital literature distinguishes 
general and firm-specific capital components. 
The empirical specification in equation (1) 
accommodates this distinction, but interpre- 
tation of the coefficients on tenure variables 
as solely reflecting specific human capital 
effects does not necessarily follow. These 
coefficients could reflect the combined im- 
pacts of a number of competing hypotheses, 
notably screening and agency. Inclusion of 
the total experience magnitudes in the 
specification in our view does not misrep- 
resent other hypotheses. Both screening 
and agency hypotheses are silent regarding 
the role of total experience when analyzing 
the earnings-tenure relationship. However, 
neither hypothesis rules out the existence of 
positive effects of total work experience on 
earnings, that is, general human capital 
effects. 

We are concerned primarily with the pure 
effects of tenure on earnings net of total 
experience effects. The functional form of 
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equation (1) allows for interaction between 
the two experience profiles: slopes of either 
profile obviously depend on the amounts of 
both experience magnitudes, since dIn Y/ ð j 
=a,+2a,j+on and dInY/dn=b,+2b,n 
+ cj. We investigated more elaborate interac- 
tion schemes, but found little difference in 
the qualitative findings. Therefore, this paper 
reports results using the simplified interac- 
tion scheme. 

The dependent variables are the loga- 
rithms of monthly earnings including bonuses 
for Japan, and of usual weekly earnings for 
the United States. As for the explanatory 
variables, the total years of experience is 
estimated conventionally as age minus years 
of schooling minus 6. For Japan, we use 
dummy variables for schooling; the data are 
reported by category rather than years. High 
school means 12-13 years, junior college 
means 14-15 years, and university means 
16+ years of schooling. The excluded cate- 
gory is less than 12 years of education. For 
the United States, educational attainment is 
measured in years, but we also include two 
dummy variables, high school for those who 
have at least 12 years of -education, and 
university for those who have 16 or more 
years. These dummy variables are meant to 
capture the effects of completing either high 
school or college. Finally, union member is a 
dummy variable to distinguish union from 
nonunion members. This information is 
available for the United States sample only. 

The data used to estimate equation (1) are 
from the Basic Survey of Wage Structure 
(Shugyo Kozo Kihon Chosa, 1980) for Japan 
and the public use tapes of the Current Popu- 
lation Survey (CPS, March and May, 1979) 
for the United States, and are for male 
workers in nonagricultural private industries. 
The Japanese data are cell means of earn- 
ings, bonus payments, years of tenure, and 
age of worker, cross classified by firm size, 
education class, age class, and industry. The 
CPS data contain individual observations, 
and the May 1979 CPS includes information 
on firm size, a feature which is particularly 
useful for this research. 

Table 5 reports the OLS regression esti- 
mates of equation (1) for Japan and the 
United States, separately for three firm-size 
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groups. Small firms are those employing 
fewer than 100 workers, medium firms, be- 
tween 100 and 999, and large firms, more 
than 1000 workers. Both total experience and 
tenure variables are statistically significant at 
better than the 1 percent level in all cases.’* 
These coefficients generate the usual concave 
earnings profiles for both total experience 
and tenure profiles.!> The interaction of total. 
experience and tenure is negative for Japan, 
though significant only for small firms, but is 
positive for the United States with high sta- 
tistical significance for medium and large 
firms. These interaction coefficients suggest 
that, in Japan, previous years of experience, 
a component of total experience, tend to 
penalize the earnings growth due to tenure. 
In contrast, in the United States, previous 
years of experience boost the tenure effects 


‘on earnings. This difference in the interac- 


tion effects in the two countries may be 
related to our earlier findings of job changes 
being more frequent in the United States 
than in Japan.!4 


The F-values for the significance tests of tctal 
experience are 280.4, 143.3, and 8.1 for Japanese small, 
medium, and large firms, respectively, and 180.3, 82.0, 
and 94.5 for the U.S. small, medium and large firms, 
respectively. The F-values for the tenure variables are 
53.7, 29.4, and 53.7 for Japanese small, medium, and 
large firms, respectively, and 27.6, 9.6, and 38.2 for the 
U.S. small, medium and large firms, respectively. 

13 Because of the interactive earnings specifications, 
to generate a ceteris paribus profile for tenure requires 
that total experience be fixed at some level. The same is 
true for the total experience profile. We checked the 
profile properties at respective mean values of total 
experience and tenure. The means for Japanese small, 
medium, and large firms, respectively are: for total 
experience, 22.3, 19.4, and 19.4 years; for tenure, 8.5, 
10.2, and 14.6 years. For the U.S. small, medium and 
large firms, respectively, the means are: for total experi- 
ence, 18.1, 18.5, and 19.2 years; for tenure, 5.3, 7.7, and 
10.3 years. 

14In the U.S. regressions, the union coefficient is 
positive and significant only for small firms while it is 
insignificant for medium and large firms. Since no inter- 
actions are specified between the union and the occupa- 
tion and/or education variables in these regressions, one 
must use caution in interpreting the union coefficient. It 
certainly would be premature to infer that unions have 
little effect on wages in medium and large firms. Workers 
in larger firms have higher levels of education, and 
highly educated union members are less likely than 
others to have been promoted in the past, a likelihood 
which lowers their wages. Support for this conjecture is 
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TABLE 5~-REGRESSIONS OF MALE EARNINGS FOR JAPAN AND THE UNITED STATES? 
Japan Firm Size (1980) U.S. Firm Size (1979) 
Small Medium Large _ Small Medium Large 
a) 2) (3) (4) 6) ©) 
Constant 4.6163 4.6519 4.7213 4.3879 4.6152 4.791 
(284.5) (265.6) (180.8) (68.3) (53.1) (78.1) 
Total Experience: s i 
j 0.0377 0.0523 0.0210 0.0502 0.0477 0.0372 
(15.4) (18.8) (4.9) (22.2) (15.6) (16.4) 
P — 0.0005 — 0.0008 — 0.0003 — 0.0010 — 0.0010 — 0.0007 
(—12.4) (—18.9) (-4.) (—21.5) (-14.4) (—13.0) 
Tenure: . $ 
n 0.0614 0.0278 0.0692 0.0196 — 0.0019 0.0121 
(9.1) (5.2). (11.7) (4.8) (-0.4) - (4.3) 
n? —0.0003 — 0.0001 — 0.0013 — 0.0006 — 0.0003 — 0.0003 
` (~0.8) (-0.5)_. (-5.6) (-4.0) (-2.1) _ (-3.6) 
Interaction: j X n —0.0012 — 0.0002 — 0.00001 0.0003 0.0006 0.0003 
: (~6.1) (-1.9) (-0.1) (1.8) (3.3) (2.3) 
Years of Schooling - - - 0.0367 0.0362 ” 0.0296 
. (5.6) . (4.2) (5.0) 
Schooling Dummies? 
High School 0.1278 0.1368 0.1048 0.1630 0.1735 0.1286 
(15.2) (12.7) (5.8) (4.9) (3.9) (4.5) 
Junior College 0.2552 0.2635 0.2822 - . - - 
(12.9) (12.1) (7.2) 
University 0.3700 0.3923 0.4579 0.0630 0.0808 0.1590 
(28.9) (29.3) (20.8) (1.7) (1.8) (5.6) 
Union Member ~- - - 0.2533 0.0099 — 0.0020 
(10.0) (0.4) (-0.1) 
MSE F 7 bs 0.2626 0.1804 0.1590 
R? e e . 0.316 0.307 0.279 
N 384 378 366 3139 1590 3750 


Sources: Basic Survey of Wage Structure (Shugyo Kozo Kihon Chosa), 1980, and the Current Population Survey, 


_ March and May 1979. 


® The t-values are shown in parentheses; the dependent variable = logarithm of earnings in private nonagricultural 


industries. 


b Schooling dummies indicate: For Japan, High School =12-13 years, Junior College =14-15 years, and Univer- 
sity =16+ years of schooling; and for the United States, High School is for those who have at least 12 years of 


education and University for those who have 16+ years. 


Since Japanese estimates are derived from weighted regressions, these statistics are not readily available as 
summary statistics in the computer output. Furthermore, when grouped data are used, these statistics are not 
comparable to those obtained by using data on individual observations. : 


What do these regressions indicate about 
the effects of firm-specific tenure on earn- 


ings? The effects of total experience and ` 


tenure are captured by the slopes of the two 


provided in the samples broken down by education. 
Union coefficients are significantly positive regardless of 
firm size in regressions in the sample of those with less 
than high school education. In contrast, union coeffi- 
cients are negative, and significant for medium and large 
firms, in regressions using those with 16+ years of 
education. These results are available upon request. 
Finally, the coefficients for the schooling variables con- 
tain few surprises. 


profiles. The slopes change, however, as one _ 
moves along each of the profiles, and their 
comparisons across firm-size groups or be- 
tween the two countries will be affected 
by the choice of the point on the profiles 
where such comparisons are made. 15 A proper 


IAs a result, care must be-taken when interpreting 

- the slope as a meaningful indicator. For example, slope 
is commonly used as an indicator of investments in 
human capital. In particular, a greater slope would not 
necessarily indicate greater investment opportunities. 
‘Imagine two earnings profiles, A and B, where A has a 
steeper slope than B, but’A reaches its peak sooner and 
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_ TABLE 6— PERCENT GROWTH IN EARNINGS ATTRIBUTABLE TO EXPERIENCE AND TENURE 
- SINCE ENTERING THE CURRENT FIRM, BY FIRM SIZE 


Tenure Small Firms 
(Years) Total Tenure 
Japan : : hata : 

5, 56.0 36.8 
15° 180.2 _ 123.0 
20 i 222.6 148.6 
25 i : 235.5 . 147.8 
30 : 215.3 > 117.9 
35 - ` 167.7 65.2 
Peak? - 235.6 150.4 

: (24) 
Starting Pay” 

(Monthly Yen) 115,935 
United States 7 x. 

5 ? 36.9 . ./ 11.7 
15 . 108.4 40.7 
20 131.5. 52.2 
25. 7 l ©“ 1400 ~” 57.9 
300. 131.9 56.7 
35, p 109.1 > 49.0 
Peak? 140.0 57.9. 

po (25) 

Starting Pay” 
(Weekly $) 160.83 


Medium Firms Large Firms 
Total Tenure Total Tenure 
44.7 “175 50.7. 0.5 
151.9 70.3 166.9 120.0 
203.1 99.2 213.9 181.0 
242.9 ` > 123.4 239.8 203.2 
264.7 138.1 238.8 - 200.5 
264.7 140.3 210.9 . 1935 
267.4 141.0 ` 242.8 205.2 
(33) l (1) 

121,185 129,663 
23,3 <0 -. 23 N 
67.2 41 74.4 26.1 
84.0 10.2” "= 93.0 36.4 
94.8 18.7 -1054 45.6 
98.6 28:9 = 109.7 0 526 -> 
94.8 39.3- 105.6 56.7 
98.6 - 28.9 109.7, 52.6 
(30) (30) 

187.90 201.61 


Notes: Calculated from Table 5. These figures represent the percentage differences between the current earnings and 
the starting pay due to total experience and tenure. Total experience effects are derived from d In Y/dj as indicated i in 


fn. 16. 


associated growth rates due to tenure. 


The figures indicate the peak growth rates due to total experience (peak years, are in parentheses) and the 


>The starting pay is estimated at zero experience and tenure and the mean values of explanatory variables. 


comparison requires an examination of the 
number of years it takes to reach the peak 
earnings and: the value of the peak earnings 
itself as well as the -slope of. the earnings 
profile. K 

In view of these considerations, we report 
in Table 6 what the estimated regression 
coefficients imply for the percentage growth 
rates in earnings between the year when a 
worker joins the current firm and various 
years of- tenure. In constructing the table, we 
asked the following question: if a worker 
enters the current firm right after completing 
schooling and stays with the firm until he 
retires, by how much would his earnings 


at‘a lower peak value than B. In this case, B may easily | 


reflect greater ultimate investments than A, though its 
slope is smaller than that for A at a particular tenure 
value. 


grow as he accumulated years of tenure? We 
calculate separately the growth rates attrib- 
utable to total experience and to firm-specific 
tenure. The table reports both total and 
firm-specific earnings growth, although our 
primary interest is in the latter.!é In ad- 
dition, Table 6 reports the peak values of the 
total growth percentages, the years when they 
occur, the associated growth due to` firm- 
specific tenure, and the starting pay. We 
think that the most meaningful country and 
firm-size comparisons of ‘growth are made 
between the initial and the peak years. The 
starting pay is estimated by evaluating equa- 


6 The total earnings growth due to the accumulation 
of total experience can -be decomposed as follows: 
dln Y/dj = ð ln Y/3j + 3 ln Y/ ðn, since we are assum- 
ing dn/dj=1, or that the worker'stays with the firm 
throughout his working life. The two partials can be 
evaluated by using the estimated regression coefficients. 
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tion (1) at zero values of j and n, and the 
means of the explanatory variables. 

A worker entering a small Japanese firm 
enjoys a 56.0 percent growth in his earnings 
by the fifth year, at which time a 36.8 per- 
centage point growth is associated with 
firm-specific tenure. He reaches his peak 
growth of 235.6 percent in the twenty-fourth 
year, at which time a 150.4 percentage point 
growth is generated by firm-specific tenure.!” 
An eye-opening pattern in this table con- 
cerns the Japan-U.S. differences in the growth 
rates due to firm-specific tenure as well as 
total experience. For all firm-size groups, 
srowth rates between the peak earnings year 
and the initial year are greater in Japan than 
in the United States. Note also that within 
firm-size groups, peak years are similar in the 
two countries.!® Thus, it is slopes of earnings 
profiles that are driving our comparisons be- 
tween Japan and the United States. More 
importantly, growth rates attributable to 
tenure are far greater in Japan than in the 
United States.) 


17In the human capital perspective, these figures im- 
ply somewhat larger ratios of specific capital to total 
growth rates than those found by Mincer and Jovanovic 
(pp. 38-42). The main reason for the difference between 
their estimates and ours is that we are performing a 
simulation for a hypothetical individual who stays with 
the firm throughout his working life (see fn. 13), whereas 
they evaluate these ratios at a point in time implicitly 
taking into account the probabilities of separation. 

18Firm-size differences in the percentage growth due 
to firm-specific tenure exhibit a mixed pattern, however. 
In Japan, workers in large firms experience the greatest 
growth, but the difference between workers in small and 
medium firms is negligible. The differences between 
small and large firms, as well as between medium and 
large firms, are statistically significant at the 1 percent 
level (t-values are 2.75 and 3.99, respectively). Thus, 
large firms appear to be distinct from either medium or 
small firms. In the United States, the relationship 
between the percentage growth and firm size appears 
U shaped, with the growth rate somewhat higher in 
small firms than large firms. However, the only statisti- 
cally significant difference is between medium and large 
firms with a t-value of 2.16. 

19Table 6 is based on workers who begin working in 
the current firm immediately after completing schooling. 
A more realistic case may be where workers join the 
current firm after working in other firms for some years. 
We have examined cases with various years of previous 
experience (results available upon request) and conclude 
that the findings in Table 6 are robust. 
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Do the observed Japan-U.S. differences in 
earnings profiles reflect the heterogeneity of 
the sample in the two countries? Worker 
quality and the industrial composition, for 
example, are different between the two coun- 
tries.” To what extent are our findings up- 
held once these differences are netted out? 
To shed light on this question, we performed 
the analysis by disaggregating the data by 
industry and education. As it turns out, 
Japan-U.S. differences in the earnings-tenure 
profile persist in both manufacturing and 
nonmanufacturing industries and within ed- 
ucation class.” 2 

According to the findings in this section, 
both the earnings-tenure and earnings-total 
experience profiles are more steeply sloped in 
Japan than in the United States, holding 
constant firm size. These findings together 
with the finding in Section I of a longer 
employment tenure in Japan than in the 
United States are consistent with the existing 
theories of employment contracts. 


HI. Summary and Conclusion 


Contrary to the impression created by 
the recent literature, Japanese male workers 
do have longer employment tenure than 
American workers. Also, Japanese workers 
have steeper earnings profiles that peak in 
about the same year after entering the cur- 
rent firm as American workers. In particular, 
growth rates in earnings attributable to tenure 
are far greater in Japan than in the United 
States. These findings are robust to disaggre- 
gation by industrial composition and educa- 


20In our samples, workers in service and trade in- 
dustries predominate in U.S. small firms to a greater 
extent than in Japan. The percent of small-firm workers 
in these industries is 51 percent for the United States 
and 37 percent for Japan. Comparable figures for large 
firms are 27 percent for the United States and 16 
percent for Japan. For the difference in worker quality, 
as measured by education, see Table 4. 

21 These results are not reported to save space but are 
available upon request. Also, our general findings resem- 
ble those reported in an interesting book by Shimada 
(1981), which uses the data for earlier years. However, 
his regression specifications differ from ours, and we are 
able to control for firm size directly in the U.S. data 
whereas Shimada was unable to do so with his data. 
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tional attainment. The pattern of Japan-U.S. 
differences in the employment tenure and the 
earnings profiles are consistent with three 
prominent hypotheses in the literature—the 
specific human capital, the screening, and the 
agency hypotheses. 

-It is beyond the scope of this paper to 
investigate the relative contribution of each 
of the hypotheses to the differences we un- 
covered between the two countries. However, 
a few remarks may be in order on the screen- 
ing and the agency hypotheses, which are the 
recent challenge to the traditional specific- 
capital hypothesis. It is worth noting that the 
screening hypothesis does not necessarily 
deny the existence of specific capital. Indeed, 
according to a behavioral version of this 
hypothesis, employers’ desire to minimize the 
loss of specific capital caused by turnover is 
the principal motive for screening potential 
employees (see Salop and Salop). The agency 
hypothesis, however, predicts upward-slop- 
ing earnings profiles even if specific capital is 
nonexistent. Among the two behavioral hy- 
potheses, therefore, we consider the agency 
hypothesis to be the more challenging alter- 
native to the specific-capital hypothesis. 

In view of the above consideration, we 
conclude this paper by considering briefly 
how our evidence bears on the comparison 
of the agency with the specific-capital hy- 
pothesis. According to the agency hypothe- 
sis, workers in effect post bonds in early 
years for their performance, and the bonds 
are greater the higher the monitoring costs. 
The slope of the earnings-tenure profile may 
be viewed as indicating the extent of bond- 
ing. Our findings indicate that Japanese 
workers post larger bonds than American 
workers. Is this finding consistent with the 
agency hypothesis? The answer depends 
in part on the relative employer-employee 
transaction costs in the two countries. Hashi- 
moto (1979) has analyzed the Japanese prac- 
tice of bonus payments by arguing that such 
transaction costs are lower in Japan than in 
the United States.” If this argument is valid, 


221n the bonus system, workers put enormous trust in 
management, which announces the profit conditions of 
the firm. Why would workers accept such a payment 
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bonds should be smaller in Japan than in the 
United States, which is contrary to what we 
find. Our evidence then would seem to con- 
tradict the agency hypothesis, if the transac- 
tion-cost assumption is valid. Such a conclu- 
sion is premature, however, and a definitive 
verdict must await further evidence on the 
relative transaction costs in the two coun- 
tries.” 

The pattern of Japan-U.S. differences in 
employment tenure and earnings-tenure pro- 
files is consistent with there being more 
specific human -capital in Japan than in the 
United States. The specific-capital hypoth- 
esis, however, predicts mandatory retirement 
to occur at a later age in Japan than in the 
United States. In fact, mandatory retirement 
typically occurs earlier in Japan (between 
ages 55 and 60) than the United States, an 
uncomfortable fact to those who subscribe to 
the specific-capital hypothesis. Since the set- 
ting of a mandatory retirement age reflects a 
multitude of factors, including life expec- 
tancy and worker productivity, what is rel- 
evant perhaps is the change in, rather than 
the level of, the retirement age. It is interest- 
ing to note that, during the past ten years or 
so, a number of employers have raised their 
mandatory retirement age above the tradi- 
tional age of 55, though most retirement still 
occurs below 60. In view of this, it would 
seem premature to understate the relative 
importance of the specific capital hypothesis 
in explaining. Japan-U.S. labor market dif- 
ferences. To develop a strong case for this 
hypothesis, however, one needs to study the 
factors responsible for the difference and 
change in Japanese and U.S. retirement 
practices. Such a study would further our 





scheme in which a large portion of their annual earnings 
depends on managements word unless the costs of 
transaction were low? The bonus system increases wage 
flexibility. Wage flexibility is by no means unique to 
Japan, however. Although bonus-type arrangements tend 
to be confined in the United States to management level 
workers, recent evidence suggests that nonmanagenent 
workers also experience wage flexibility (see Raisian, 
1983). ‘ 

See our 1984 working paper for some evidence 
supporting this assumption. 
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understanding of the determinants of Japan- 
U.S. differences in employment tenure and 
earnings profiles. 
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Notches 


By ALAN S. BLINDER AND HARVEY S. ROSEN* 


Tax and transfer systems provide numer- 
ous incentives that influence people’s behav- 
ior. Sometimes, these incentives are inad- 
vertent by-products of the need to raise 
revenue. Other times, public policy de- 
liberately aims to change behavior. In either 
case, the approach typically. favored by 
economists is to change the slope of some 
relevant budget constraint by introducing a 
tax or a subsidy. A Pigouvian emissions fee 
is a clear example. 

Economists have an instinctively negative 
reaction to any program that creates a 
“notch”; that is, a discontinuity in a budget 
constraint. Perhaps the best known example 
of a notch comes in the welfare system, 
where such programs as Medicaid and public 
housing are structured so that a finite lump 
of benefits is Jost all at once when a house- 
hold’s income crosses a certain threshold. 
The reason for economists’ negative attitudes 
toward this notch is clear: for people with 
low earnings potential, the notch effectively 
imposes a very high marginal tax rate over a 
small income range, which no doubt discour- 
ages work and promotes welfare dependency. 

Such notches deserve their bad reputa- 
tions. However, this paper argues that, in 
other contexts, tax and subsidy plans with 
notches may have been dismissed too cava- 
lierly, and should at least be considered as 
serious contenders when public policy seeks 
to encourage or discourage some activity. 
Since this idea is so foreign to our normal 
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Princeton, NJ 08544. We are grateful to Avner Bar-Ilan 
for assistance with the computations and for helpful 
suggestions. We also thank Rebecca Blank, David 
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Jerry Hausman, the referees, and participants in seminar 
presentations at Princeton, Yale, and MIT for useful 
comments. This research was supported by the National 
Science Foundation and the Taxation. Program of the 
National Bureau of Economic Research. 


736 


way of thinking, perhaps we should develop 
the intuition behind it at the outset. 

A standard tax or subsidy.alters the rela- 
tive price that everyone faces, and hence 
distorts everyone’s behavior. A notch, on the 
other hand, leaves the effective price un- 
changed—except, of course, at the notch, 
where the price is undefined. Consequently, a. 
standard tax or subsidy imposes small excess 
burdens on everyone, while a notch imposes 
large excess burdens on a small number of 
people. Stated this way, it is not immediately 
obvious that the notch approach is always 
inferior. Indeed, this paper produces several 
examples in which notches are clearly super- 
ior. 

Although notches have a bad name among 
economists, they are not uncommon in the 
private sector. Some airlines stimulate the 
demand for air travel not by lowering the 
price per ticket, but by offering a free ticket 
for passengers who have flown more than a 
certain number of miles. Similarly, banks 
and savings and loan associations occasion- 
ally attempt to increase deposits not by offer- 
ing a higher rate of interest, but by awarding 
a “gift” to customers who deposit an amount 
exceeding some specified level. This paper 
argues that notches may sometimes be ap- 
propriate in the public sector as well. 

The paper is organized as follows. Section 
I uses a simple example—the tax deductibil- 
ity of charitable contributions—to explain 
the basic ideas, develop a methodology for 
addressing the issue, and then compare the 
relative efficacy of notches vs. traditional lin- 


'The optimal tax literature has discussed general 
conditions under which nonlinear taxation is more effi- 
cient than linear taxation. See Jesus Seade (1977). A 
notch incentive can be viewed as a special case of a 
nonlinear tax which is sufficiently simple that it is a 
viable policy option. The two-part tariff is another well- 
known example of how departures from linear pricing 
can enhance welfare. 
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ear subsidies in stimulating charitable giving. 
We conclude that a notch incentive may 
dominate a traditional linear incentive. Some 
practical problems involved in implementing. 
notch incentives are discussed in Section II, 
and Section III contains concluding remarks. 


I. Stimulating Demand for a Commodity 


Suppose the government wants to stimu- 
late one person’s charitable giving, which we 


denote in Figure 1 by F (for “favored” com- - 


modity). If the person’s marginal tax rate is 
t, deductibility of charitable contributions 
lowers the effective price of each dollar of 
charity from $1 to $(1— 2), thereby pivoting 
the budget constraint between F and all 
other goods from MN out to MO. As a 
consequence, the individual’s optimum 
moves from £, to E,; charitable giving winds 
up at F. 

The government could induce an identical 
increase in charity by the following notch 
system: if the individual donates F, or more, 
he receives a lump sum subsidy equal to 
DE,; otherwise; he receives nothing. The 
budget constraint associated with this: notch 
scheme is MDE,H, and the optimal choice 
remains E,. Thus the notch and linear 
schemes have exactly the same revenue cost, 
DE,, and induce the same behavior. 

This example illustrates an obvious point. 
As long as only one individual is being con- 
sidered—-or equivalently, if it is possible to 
design a separate notch scheme for each 


iridividual—-then there is nothing to choose . 


between a linear incentive and a notch incen- 


tive. However, in the realistic case in which ` 


individuals have heterogeneous tastes, and 
all taxpayers (at least within the same in- 
come class) face the same budget constraint, 
then: the notch and linear subsidy schemes 
can have quite different implications. 

_ To see why, consider Figure 2. Under the 
status quo, individuals A, B, and C all face 
budget constraint MN. Individual A’s high- 
est attainable indifference curve is labeled 
U, and similarly for B and C. Now suppose 
that a notch subsidy of G, equal to distance 
KD in the figure, is granted to anyone who 
donates at least F*. The budget line con- 


ALL OTHER GOODS 
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FIGURE 1 ~ 
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FIGURE 2 


fronting all three individuals becomes MDKI.. 
As seen in the diagram, individual A’s be- 
havior is unchanged. Individual C moves up 
to indifference curve UZ. Note that the move- 
ment from Uç to UZ induced by the subsidy 
creates no excess burden—it is equivalent to 
a lump sum grant. Now consider individual 
B. His best choice under the notch subsidy is 
right at the notch (indifference curve Uj). In 
contrast to C, the subsidy to B does create 
an excess -burden. Individual B would be 
better off with a lump sum subsidy of KD, 
which would produce budget constraint 
HI, allowing B a utility level Ug’ which ex- 
ceeds Uj. 
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Thus, as we stated in the introduction, 
under a notch scheme, some individuals face 
no excess burdens, and some face large ones. 
The aggregate excess burden depends on the 
distribution of individual tastes. Generally, 
the more people that behave like B, the 
higher will be the total excess burden under a 
notch. The revenue costs of notch subsidies 
similarly depend on the distribution of tastes. 

Can it be that the notch scheme is prefer- 
able to a conventional linear subsidy? Be- 
cause heterogeneity of the population is the 
essence of the matter, it is difficult to obtain 
an analytical answer even for very simple 
assumptions about utility functions and the 
joint distribution of their parameters. For 
this reason, we rely on simulation tech- 
niques. Our strategy is to posit specific utility 
functions and numerical distributions of their 
parameters, and investigate the relative de- 
sirability of notch and linear incentives un- 
der alternative assumptions. 


A. The Basic Setup 


Let an individual’s utility level U depend 
on his consumption of a composite commod- 
_ity Y, whose price is equal to unity, and F, 
the favored. commodity. Suppose the utility 
function is of the constant elasticity of sub- 
stitution form: 


(1) U=[ļaF>+(1- a)y], 
b>-1, 


where a and b are taste parameters, and the 
elasticity of substitution is given by o =1/ 
(1+ 5). With a linear subsidy at rate s, the 
individual’s budget constraint is 


(2) (l-s)P,F+Y¥=M+Z, 


where P» is the price of the favored good, M 
is income, and.‘Z is any lump sum transfers 
(positive or negative) from-the government. 
Maximizing utility subject to constraint (2) 
leads to the following demand functions: 


M+Z 


SiR (1—s)Pp+K((1-s)Pp)”’ 
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Kez) 
K+((1-s)Pp) T 


(4) 


where K =[(1— a)/a]°. Note that since the 
utility function is. homothetic, the Engels’ 
curves are rays through the origin as long as 
Z is proportional to M. Thus, any results 
that apply to one income level can be scaled 
up or down to apply to other income levels. 

It will be useful to have a formula for the 
indirect utility function, which turns out to 
be: 


(5) V=[(M+Z)/O(s)][A(s)] 7, 


where A(s)=a+(1-a)[K(1~s)°P3]~” 
and Q(s)=(1—-s) P+ K[(1-s) Pr]”. 


B. Analysis of a Linear Subsidy 


We turn first to the efficiency and revenue 
consequences of a linear subsidy. To com- 
pute the subsidy’s excess burden, we must 
find the monetary: value of the difference 
between the utility level achieved with the 
subsidy and the level that would have been 
achieved had the subsidy been given as a 
lump .sum. Thus, note that the cost to the 
treasury for a given individual.is sFP,. Sup- 
pose that sFP, had been given to the indi- 


vidual as a lump sum, without distorting 


relative prices. Then, using equation (5), util- 
ity would be 


© w- ("Sa Om ae 


If V, is utility with the linear subsidy, then 
we define the excess burden of-the subsidy as 
the amount of money we would have to take 
away from the individual at V} to lower his 
utility to V,.? Algebraically, the excess 


?There are a number of other ways to define excess 


‘burden, but for our purposes the differences are incon- 


sequential. See Alan Auerbach and Rosen (1980). 
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burden, B;; is implicitly defined by 
[M/o(s)] A(s) 


= [(M + sFP; — B,)/Q(0)] A(0)"””, 


which has the closed-form solution 


sP; _ (0) (469) 
as) aO) | 


The aggregate excess burden of the linear 
subsidy is simply the sum of B, across indi- 
viduals, and the total cost to the treasury is 
the sum of sPpF. 











B,=mfi+ 


C. Analysis of a Notch Subsidy 


Now consider a scheme which awards a 
lump sum subsidy of G to individuals who 
donate at least some critical amount F *, and 
zero otherwise. In calculating the excess 
burden of the notch subsidy, three possibili- 
ties must be considered. 

(a) The individual’s optimal , decision i is 
unchanged. In this case, there is no excess 
burden and no budgetary cost. This case 
corresponds to individual A in Figure 2. 

(b) The individual is induced to con- 
sume right at the notch. Here the cost of the 
subsidy is clearly G per individual. There is 
also an excess burden, which corresponds to 
the difference between utility levels Uj’ and 
Uz in Figure 2. To find the individual’s 
utility level at the notch, we must evaluate 
the direct utility function? at F= 
Y=M+G-P oe, ween 


yo [ales 
ie a)(M+ Gs PpF*)” ae 
Following the reasoning behind equation (©, 


the utility if the same subsidy had been 
granted as. a lump sum is 


[(M+ aooaa. 


3The indirect utility fareti (5) cannot be used 
because of the discontinuity in the slope of the budget 
constraint at F*. 


F* and 
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Hence, the excess burden for such an indi- 
vidual, By, is implicitly defined by 


a(F*)"?+(1-a)(M+G—PpF*) 
= [(M +6- By)/2(0)]~*4(0) 

or explicitly by `- 

(7) By=M+G-Q(0)x 


oe 


b, 


a(F*)” °+(1-a)(M+G-P,F*)” 
| A(0) 


(c) The ndine consumes more than 
the critical quantity F* after the notch 
scheme is imposed: In this case, the notch 
subsidy is equivalent to a lump sum transfer, 
so again there is no excess burden. But there 
is a cost to the treasury, namely G. This 
corresponds to individual C in Figure 2. 

To summarize: if there are n, individuals 
in category (a), n, in category (b), and n, in 
category (c), then the total cost of the notch 
subsidy is (n,+n,)G, and the total excess . 
burden is the sum of By defined by equation 
(7) across individuals in category (b). 


.D. Simulation Strategy 
The simulations assume a population of 


499 people. Individuals are indexed by their 
value of a, the share parameter in the util- 


‘ity function. The values of a are distribut- 


ed uniformly between 0.0002 and 0.0998.* 
Within each simulation, the elasticity of sub- 
Stitution is the same for all individuals. But 
its value is varied across simulations. The 
units of F are chosen to make Pp, its before- 
tax Price, equal to one. Each person’s income 
M is also normalized to 1. Thus the simula- 
tions should be thought of as applying to a 
given income class. Since our utility func- 


4That there are 499 individuals rather than 500 is a 
quirk of the simulation. Originally, we had let the 
parameter a run between .002 and .998, and were forced 
to omit both endpoints in order to get an interior 
solution. When we moved the decimal point on a, we` 
neglected to include a =.10. 
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TABLE I—SusBsipy TO CONSUMPTION OF A COMMODITY WITH COBB-DOUGLAS UTILITY FUNCTIONS 
-- UNIFORM DISTRIBUTION OF a 


Linear 
Subsidy 
Status Quo s=0.2 
a) (2) 
Total Demand for F 24.3 30.5 
- Total Revenue Cost 0 ` 6.1 
‘Total Excess Burden -0 0.62 
TEC ; 
(m = 0.2) 0 18 
‘(m= 0.4) 0 3.1 


tions are homothetic, this is not a substantive 
restriction. 
We first compute aggregate demand for 
F in the absence of any. subsidies. Then 
we impose a linear subsidy of 20 percent 
(s = 0.2), and compute the amount by which 
consumption of F’is stimulated, the revenue 
cost to the government, and the total excess 
burden. Next; we turn to the notch subsidy, 
and search over various combinations of G 
and F* to find those that yield the same 
. total demand for F. In general, an infinite 
number of notch schemes are consistent with 
any fixed value of aggregate F. For example,. 
if F* is set very high, but at the same time G 
is large, it might be possible to achieve the 
same aggregate value of F as when both 
parameters are low. Criteria for choosing 
among the various notch schemes are dis- 
cussed below. 


E. A Cobb-Douglas Result 


We begin by discussing the Cobb-Douglas 
case.°"Column 1 of Table’1 shows that the 
aggregate consumption of the favored good 
in ‘the absence of any subsidy is 24.3 units. 
Column 2 indicates that imposition of a 20 
percent subsidy increases the quantity de- 
manded to 30:5.° The cost to the treasury of 
the subsidy is 6.1, and the associated excess 


5Actually, for computational reasons, our “Cobb- 
Douglas” case is 6 = 1.01. i 

-Note that the product of price times quantity is 
approximately unchanged (i.e., 30.5 0.8 = 24.3) be- 
cause of the Cobb-Douglas utility function. 


Notch Subsidy 

(a) (b) (c) 
F* = 03 F* = 0.183 F* =0.116 
G =.164 G = 0.035 G=0.015 

(3) (4) (5) 

30.5 30.5 30.5 

81.9 2.4 2.6 

1.04 2.0 1.19 
174 2.5 1.7 
33.8 3.0 2.2 


burden is 0.62. Thus the subsidy is relatively 
efficient in this case: the deadweight-loss per 
dollar of subsidy is only about 10 cents.’ 
This is worth pointing out, because it shows 
that the simulation is set up to’ make the 
linear subsidy scheme hard to beat. 

Our next goal is to devise a notch scheme 
that induces the same change in behavior, 
and compute its revenue cost and excess 
burden. As just noted, an infinite number of 
notch schemes can do the trick. Columns 3, 
4, and 5 compare three possibilities. 

In column 3 (notch subsidy (a)), the notch 
is set at a relatively low level of consump- 
tion, F * =.03 units, which is about one-half 
the mean consumption level under the linear 
subsidy. With F* set this low, we must 
induce essentially everyone in the population 
to donate at least F* in order to reach the. 
target for aggregate donations. Arid, to ac- 
complish this, a large grant of G = .164 (16.4 
percent of total income) is required. The 
revenue costs of setting F* at such a low 
level are revealed in the second row: the cost 
to the treasury is 81.9, about thirteen times 
greater than the cost of the linear subsidy. 
The excess burden of 1.04 also far exceeds 
that of the linear subsidy. It is clear that 
notch subsidy (a) is a perfectly dreadful idea. 

Under notch subsidy (b) in column 4, the 
notch is set at a véry high value, 0.183, or 
18.3 percent of income. This is about three 
times the average consumption level under 


TTo cite just one comparison, John Weicher“(1979) 
presents estimates that each $1 spent on public housing 
yields about 85 cents worth of benefits to recipients. 
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the linear subsidy. With required consump- 
tion so high, most people do not take ad- 
vantage of the subsidy; only 15 percent re- 
ceive the grant of 0.035. As a consequence, 
the revenue cost is far lower than under the 
linear subsidy—only 2.4. However, those 
people who do accept the subsidy have their 
behavior distorted considerably; the excess 
burden is 2.0—-more than triple the excess 
burden under the linear subsidy. 

A final possibility, notch subsidy (c), is 
exhibited in column 5 of Table 1. The notch 
is placed at a lower level than in column 4 
but a higher level than in column 3: F*= 
116. The revenue cost is-higher than in 
column 4, but the excess burden is lower. 
This is because the people whose behavior 
changes are nearer the notch, and hence their 
decisions are less distorted. | 

The results in Table 1 taken together sug- 
gest that while some notch incentives (such 
as notch subsidy (a)) will do quite horribly 
compared to linear schemes, others will do 
quite well. Both schemes (b) and (c), al- 
though they have higher excess burdens than 
the linear subsidy, have much lower revenue 
costs. On balance, therefore, they might be 
preferable. 

This observation leads to an important 
question. Given that we are judging subsidy 
systems on the basis of two criteria, revenue 
cost and excess burden, how are we to com- 
pare them when one is better on one crite- 
rion and the second on the other? There are 
two possibilities: 

1) The most natural approach is to com- 
pare the schemes on the basis of what we call 
total efficiency cost (TEC), defined as the 
sum of the excess burden arising from dis- 
torting the demand for the favored good plus 
the efficiency cost of raising the revenue 
needed to finance the subsidy. If taxes were 
lump sum, the efficiency cost of replacing the 
revenue lost by the subsidy would be zero, 
and the TEC would just be the standard 
excess burden of the subsidy. However, real 
world tax finance creates its own efficiency 
costs. If m is the marginal excess burden 
created by a dollar of taxes raised in the 
private sector, then the TEC is just m times 
the revenue loss plus the excess burden from 
distorting the consumption of F. 
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What is the value of m? The answer 
depends on what tax instrument the govern- 
ment uses, and the supply and demand elas- 
ticities of the item(s) being taxed. Tradition- 
ally, the marginal excess burden of taxation 
has been supposed to be quite low. Recent 
estimates are higher. Charles Ballard, John 
Shoven, and John Whalley (1982) estimate 
that the marginal excess burden of $1 raised 
via the corporate tax is about $0.50. This is 
the same as the estimate obtained by Charles 
Stuart (1984) for the whole tax system. Jerry 
Hausman’s (1981) econometric study of labor 
supply suggests that if $1 is raised by a tax 
on labor income, the marginal excess burden 
is about $0.42. In the absence of agreement 
on what the marginal excess burden of taxa- 
tion is, it makes no sense to restrict ourselves 
to one figure. We therefore do calculations 
assuming values of m of both 0.2 and 0.4 
which, if anything, seem on the low side.® 

The TEC figures are recorded in the last 
two rows of Table 1. Assuming m = 0.2, 
notch subsidy (b) with a TEC of 2.5, is 
inferior to the linear subsidy, whose score is 
1.8. However, notch subsidy (c), with a TEC 
of 1.7, is better than the linear subsidy. In 
fact, when m = 0.2, notch subsidy (c) is the 
most efficient of all possible notch subsidies 
in the sense of having the minimum TEC. 
When m= 0.4, both notch schemes (b) and 
(c) are better than the linear subsidy. 

These results suggest that the outcome 
depends critically on the assumed value of 
m. The reason is clear. Reasonable notch 
schemes make smaller demands on the 
treasury than linear schemes, but often have 
larger excess burdens. If m is high, a great 
deal of weight is given to the smaller revenue 
cost, thereby enhancing the attractiveness of 
notch schemes. If m is low, the excess burden 
is relatively more important—which ‘en- 
hances the attractiveness of linear schemes. 

2) The second way to compare various 
subsidy programs questions the relevance of 
excess burden in this context. After all, the 


‘whole exercise of measuring excess burden 


assumes that the subsidy “distorts” behavior 


8Since our tax changes are not infinitesimal, we 
should really use the average marginal rate over the 
relevant range, which would presumably exceed m. 
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TABLE 2-— SUBSIDY TO CONSUMPTION OF A COMMODITY WITH ALTERNATIVE ELASTICITIES OF SUBSTITUTION 
UNIFORM DISTRIBUTION OF a : 


o=0.5 
Linear 
Status Subsidy < 
‘Quo ` s=02 
0 © 
` Total Demand for F 87.4 99.7 - 
Total Revenue Cost 0 19.9 
Total Excess Burden 0 92 
TEC 
(m=0,2) , 0 4.90 
(m= 0,4) 0 8.89 


‘ away from the optimum. This might, of 
course, be the case if the subsidy was in- 
stituted solely in response to political’ pres- 
sures. On the other hand, it is possible that 
the subsidy is deliberately put in place to 
correct an externality.” As is well known, a 
subsidy levied on a good that generates posi- 
tive externalities might actually enhance 
efficiency; that is, have a negative: excess 
burden. In‘ this case, the standard excess 
burden calculation does not really “make 
sense. 

‘This discussion leads to the following con- 
clusion. In some instances, it may make more 
sense simply to look at the budgetary cost of 
achieving the required increase in- consump- 
tion of the favored good, making no al- 
lowance for excess burden. And a glance at 
Table 1 indicates that if minimizing revenue 
cost is the sole criterion, a well-chosen notch 
scheme may well be superior to a linear 
subsidy.!° By targetting the subsidy to those 
` whose tastes for the favored commodity are 
relatively intense, the notch subsidy does not 
“waste” money on those whose consumption 
is not stimulated very much. 


°lt is far from obvious that this is the rationale for 
government subsidization of charitable giving. 

This discussion assumes that only the aggregate 
quantity of the externality-producing commodity mat- 
ters. In the case of classical externalities, efficiency re- 
quires that each person’s consumption of F be such 
that the social marginal benefit equals the marginal cost. 
Just like standard Pigouvian subsidies, our scheme 
ignores the fact that the optimum corrective subsidy or 
tax generally differs across individuals. 





o=1,5 
Notch ; -Notch 
Subsidy Linear ' Subsidy 
F=0.28 Status “Subsidy F=.04 
G=0.03-.- Quo s=02 G=.007 
ð a: 0O. © 
9.7 > 6.90" 9.62 9.62.° 
6.4 -  O. “192 + . 0:95 - 
2.80 0. 0.29, : O51 
4.09 ` 0. * 068 °° * 070° 
5.37 O° -:. 


1.06 ~: 0.89 - 


On the basis of Table-1; then, we conclude 
that notch subsidies may be better than lin- 
ear subsidies. This is more likely to be true 
when the distortion that arises is not consid- 
ered to generate. a deadweight burden, or 
when á relatively high weight is put on the 
efficiency costs of financing revenue losses. 
But it can also be ‘true in other cases, 


F. Changing the Elasticity of Substitution 


How ‘does the ‘relative attractiveness of 
linear and notch subsidies depend upon the 
elasticity of substitution between the favored 
commodity and all other goods? To answer 
this question, we repeat the simulation as- 
suming o = 0.5 and o =1.5, The results are 
reported in Table 2. In each case, we’ 

(i) compute consumption of the’ favored 
good in the absence of any subsidy (cols. 1 
and 4); 

(ii) compute consumption, revenue cost, 
and excess burden associated with a 20 per- 
cent linear subsidy (cols. 2 and 5); 
best notch subsidy that induces the same 
amount of: consumption as the linear sub- 
sidy, where “best” means that the TEC is at 
a minimum for m = 0.2.1 

When o =0.5,.the notch subsidy has an 
excess burden about three times that of the 


11 We also report results for m = 0.4. The characteris- 
tics of the notch schemes that minimize TEC for m= 0.4 
are not very different from those that minimize it for 
m=0.2. The minimum was found by using a simple 
grid search. 
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linear subsidy, but a revenue cost less than 
one-third as large. This pattern is already 
familiar from the Cobb-Douglas case ex- 
amined in Table 1. If we consider revenue 
costs alone, the notch scheme is certainly 
superior by a wide margin. If we consider 
both excess burden and efficiency costs, and 
assume m= 0.2, we find that the TEC for 
the notch scheme (4.09) is about 17 percent 
smaller than that of the linear scheme (4.90). 
In the Cobb-Douglas case of Table 1, the 
comparable improvement was only about 8 
percent. This suggests that the attractiveness 
of the notch subsidy is enhanced when the 
elasticity of substitution decreases. 

This impression is confirmed when we ex- 
amine the results for o =1.5 reported in the 
right side of Table 2. When o = 1.5, the total 
efficiency cost of the notch subsidy when 
m= 0.2 slightly exceeds that for the linear 
subsidy. To be sure, the notch scheme is’ still 
much cheaper, but this is not enough to 
counter its deficiency on the excess burden 
criterion when m = 0.2. However, when m = 
0.4, the notch scheme is preferred to the 
linear scheme even with o =1.5. 

The explanation for these results lies in the 
fact that low values of o translate into low 
price elasticities of demand for F. Thus, rela- 
tively large values of the linear subsidy rate 
are required in order to achieve any given 
change in the. demand for F. For example, 
Table 2 shows that with o = 0.5, a 20 percent 
subsidy raises consumption only 14 percent. 
Because the linear subsidy works entirely via 
price effects, low elasticities of substitution 
make the linear subsidy more expensive. 

On the other hand, the notch subsidy 
achieves much of its stimulus through in- 
come effects and, with a CES utility func- 
tion, the income elasticity of demand is unity 
regardless of the value of the elasticity of 
substitution. (See equation (3).) Thus, notch 
subsidies are more attractive in the presence 
of low values of the elasticity of substitution, 
ceteris paribus. 


G. Changing the Distribution of a 
So far we have been assuming that the 


share parameter, a, is distributed uniformly 
over the interval (0,.1). We now consider 
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WEIGHT 
WEIGHT 


o 0.1 a o O.I a 
{a) (b) 
Population of F-Lovers Population of F-Haters 


FIGURE 3 


some simple nonuniform linear distributions. 
Specifically, we continue to assume that there 
are a total of 499 people and that a runs 
between .0002 and .0998, but we make the 
density of a skewed. Figure 3a shows the 


assumed distribution of a for a population 


with more F-lovers than F-haters; Figure 
3b shows the opposite case. Our analyses 
of nonuniform distributions assume Cobb- 
Douglas utility functions and these linear 
densities. 

Results are reported in Table 3. As before, 
for each configuration of utility function 
parameters, we present the equilibrium un- 
der the assumption of no subsidy, a linear 
subsidy of 20 percent, and the most efficient 
notch subsidy that induces the same behav- 
ioral change as the linear subsidy. 

Regardless of whether the population is 
comprised mostly of F-lovers or F-haters, 
the notch subsidy has much lower revenue 
costs, but much higher excess burdens than 
the linear subsidy. However, in all cases the 
notch subsidy is preferred on the basis of 
TEC —albeit by a trivial margin in one case. 

Note that on the basis of relative TEC, the 
notch subsidy is more preferred when the 
population is heavily weighted toward F- 
lovers. When m = 0.2 and the population has 
more F-haters, the TEC of the notch scheme 
is 98 percent of the linear subsidy’s. But 
when the population has more F-lovers, the 
comparable figure is 82 percent.!? Why? The 
fundamental advantage of a notch scheme is 
that it targets the subsidy to the “right” 
people. This advantage is worth most when 


12 Observe from Table 1 that the comparable figure 
for a uniform distribution lies between these two. 
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TABLE 3—Supsipy TO CONSUMPTION OF A COMMODITY WITH CoBB-DOUGLAS UTILITY FUNCTIONS 
LINEAR DISTRIBUTION OF a 


More F-Haters 


Linear 
Status Subsidy 
Quo s=0.2 
(1) (2) 
Total Demand for F . 16.2 20.3 
Total Revenue Loss 0 4.05 
Total Excess Burden 0 0.42 
TEC 
(m = 0.2) 0 1,23 . 
(m = 0.4) 0 2.04 


-many people have intense preferences for the 

‘ commodity. With a lot of the population 
near. the. notch, few people have to be 
“dragged” very far in order to reach the 
notch, and therefore the excess burden per 
unit of induced consumption is relatively 
small. 


H. Summary 


We have compared notch and linear sub- 
sidies for stimulating consumption of a 
favored commodity, such as charitable giv- 
ing. In every case we have examined, a notch 
subsidy can stimulate the same increase in 
consumption at a lower.cost to the treasury. 
Hence, if revenue loss is the only criterion, 
the notch subsidy is clearly superior. How- 
ever, if the increase in demand for the favored 
commodity induced by the subsidy is viewed 
as a distortion, then the associated excess 
burden must also be taken into account. 
Here, notch schemes seem to do systemati- 
cally worse than linear subsidies. However, 
when the revenue costs and excess burdens 
are suitably aggregated to find’a measure of 
total efficiency cost, the notch scheme often 
does better.!° 

In this context, it is important to remem- 
ber that we did not set out to establish that 


13 Presumably, a two-parameter subsidy scheme that 
combines a notch with a conventional linear subsidy 
would be superior to either pure system. Indeed, this is 
the case. But when we experimented with such a mixed 
system, we found that the optimal two-parameter scheme 
combined a very large notch with a linear tax. 


More F-Lovers 


Notch © Notch 

Subsidy Linear Subsidy 
F=0.110 Status Subsidy F=0.114 
G=0.018 Quo <- s=02 - G= 0.012 

6) (4) (5) (6) 

20.3 32.5 40.7 i 40.7 
1.78 0 8.13 ‘ 3.20 
0.97 0 0.82 1.38 
1.22 0 2.45 2.02 
1.69 0 


4.07 2.66 


notch schemes are generally, or even typi- 
cally, superior to linear schemes. Our pur- 
pose was only to show that notch schemes 
might be superior under circumstances that 
are in no sense pathological. This seems to 
have been shown. 


II. Some Practical Problems 


Three major practical problems would arise 
in attempts to implement notch incentives: 


1. Differences across income classes. Our 
simulations examine populations with identi- 
cal endowments. With a homothétic utility 
function, once a notch incentive that “works” 
for one income class is found, the same 
scheme can be scaled upward or downward 
and applied to every class. If people’s utility 
functions are not homothetic, then the analy- 
sis must be. done separately for each income 
group. Moreover, if policymakers wish to 
achieve certain ‘distributional goals ‘at the 
same time that behavior is being modified, 
then, as usual, efficiency criteria alone cannot 
be used to compare various plans. An ex- 
plicit social welfare function with distribu- 
tional weights must be introduced. Neither 
of these problems is “new” to the notch 
approach; they both arise in the linear case 
as well. 


2. Bunching (intertemporal substitution). Like 
all nonlinear tax and.transfer plans, notch 
subsidies provide an incentive to bunch the 
subsidized activity into particular time peri- 
ods. For example, if a $100 grant is given in 
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any year in which charitable giving reaches 
$1000, then individuals who would otherwise 
give $500 per year might instead give zero 
and $1000 in alternate years. 

The seriousness of this problem depends 
on the context. In the case of charitable 
giving, it might be quite serious; bunching 
is therefore a formidable obstacle to the im- 
plementation of a notch subsidy. In other 
contexts, it might be less serious (see Sec- 
tion III). 

Where intertemporal substitution is a 
severe problem, the remedy is obvious: life- 
time averaging, which would make the life- 
time, rather than the year, the relevant unit 
of time. In the case of charitable giving, 
averaging seems quite feasible. After all, the 
gift tax in the United States is now handled 
precisely in this way. In other applications, 
averaging may be more difficult administra- 
tively. 

In any case, the principle is clear: notches 
will not look very attractive in applications 
where the elasticity of intertemporal sub- 
stitution is high and/or where lifetime aver- 
aging is difficult. 


3. Cheating (interpersonal substitution). Tax- 
payers might collude in order to obtain notch 
subsidies or avoid notch taxes. If a grant of 
$100 is awarded to anyone who gives $1000 
or more in a year, then two individuals who 
donate $500 each are ineligible. However, if 
one turns over his receipts to the other (or 
lets the other do his donating), the latter can 
claim the $100 subsidy, and then split it with 
his collaborator. 

Is this likely to be a serious problem? It 
depends upon the transactions costs of such 
collaboration, and these will vary from case 
to case. In the case of transferring charitable 
contributions,’ these might be fairly low. 
(However, the answer depends in part on the 
importance that people attach to having their 
name associated with their contribution.) In 
contrast, cheating in other contexts seems 
less likely (see again Section IIT). 


HI. Conclusions 
We have analyzed the consequences of 


notch incentives—taxes and subsidies that 
create jumps in budget constraints—as op- 
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posed to linear incentives, which simply 
change the slopes of budget constraints. Un- 
like linear incentives, notch, schemes do not 
distort the behavior of every person. Rather, 
if properly designed, they induce individuals 
to self-select so that those who are most 
willing to change their behavior are the ones 
who receive the subsidy (or avoid the tax). In 
the cases we have examined, notch schemes 
do not uniformly dominate linear schemes. 
However, they come out on top often enough 
that they deserve serious consideration as 
policy options. 

For purposes of exposition we have con- 
centrated on the issue of charitable giving. 
However, a number of other possible appli- 
cations exist: 

a) Housing. Under current law, home- 
owners receive substantial tax deductions 
through the personal income tax. Ostensibly, 
the purpose of these provisions is to stimu- 
late homeownership, and they seem to have 
been effective in increasing the number of 
homeowners. But, at the same time, the sub- 
sidy increases the amount of housing pur- 
chased by homeowners (see Rosen, 1979). A 
notch scheme targetted just at heme- 
ownership—a lump sum reduction of tax 
liability for those who own homes—could be 
designed to have the same effect on the 
homeownership rate, with less severe revenue 
and efficiency consequences. Since the sub- 
sidy for homeownership would presumably 
apply only to one house per family, neither 
intertemporal nor interpersonal substitution 
should create problems.!415 

b) Education. Currently, tuition tax 
credits are being considered as a way to 
promote higher education. A notch version 
of this scheme could give a family a lump 
sum payment only after (say) a certain num- 
ber of years of college education had been 


“australia currently awards a lump sum subsidy to 
first-time purchasers of houses. We thank Brian Wright 
for informing us of this. 

15Interestingly, a federally sponsored social experi- 
ment conducted several years ago investigated a notch 
subsidy to stimulate the consumption of rental housing 
by the poor. Each family in the experiment received a 
lump sum grant if its monthly housing expenditure 
exceeded some critical amount. See Steven Venzi and 
David Wise (1984) for details. 
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bought. Since each child in the household 
could receive the subsidy only once, the 
bunching issue would not arise. And cheat- 
ing would require falsification of college 
records. Hence neither problem seems im- 
portant in this context. 

c) Saving. There are several provisions 
in the tax code designed to encourage saving, 
and others have been proposed. Generally, 
these are linear subsidies that raise the return 
to saving, perhaps up to some maximum 
amount.’ Consider as an alternative a notch 
subsidy that offers a lump sum grant to those 
who save more than a certain amount. (The 
threshold amount would obviously be keyed 
to income.) We have done some extensive 
simulations with such plans, and found that 
they often (but not always) are a better way 
. to’ stimulate saving than replacing the in- 
come tax by a consumption tax. 

The drawback is a practical one: intertem- 
poral substitution is a potentially devastating 
problem in this case. Individuals can easily 
bunch their saving into particular years so as 
to avail themselves of the notch subsidy 
without really saving more in the long run. 
Indeed, the problem is worse than that be- 
cause savings eligible for the subsidy would 
presumably have to be deposited into par- 
ticular accounts (analogous to IRAs). Indi- 
viduals could easily transfer funds into and 
out of these accounts in order to give the 
appearance of bunching their saving even 
though, in fact, they were saving at a smooth 
rate. In brief, the problem of intertemporal 
substitution may preclude the use of notch 
subsidies to encourage saving. 

d) Welfare Reform. As mentioned in the 
introduction, our current welfare system is 
characterized by notches that provide strong 
disincentives to work. In particular, poor 
families lose substantial benefits such as 
Medicaid and public housing when their 
earnings cross certain thresholds. Economists 
have strongly condemned the current system 
for its adverse incentives. Many have advo- 
cated replacing it by a negative income tax 
(NIT) which would, in essence, get rid of the 


16David Bradford (1980) provides a survey of these 
provisions. f 
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notches. Both a priori reasoning and em- 
pirical evidence support the idea that an 
NIT is a better way to redistribute income 
than our current welfare system. 

We, naturally, join the condemnation of 
the present system and agree that an NIT 
would be better. But we believe that the 
problem with the current system is not so 
much that it employs a notch as that it 
employs a perverse notch. It is possible that 
a notch welfare system would provide posi- 
tive work incentives for the working poor. 

Specifically, consider the following sort of 
welfare plan. Individuals are offered a lump 
sum grant, G, on the condition that they 
work at least a certain number of hours, H*, 
per year. If they work less than H* hours, 
they receive nothing.’’ In a set of simula- 
tions not reported here, we compared the 
current welfare system, an NIT, and a notch 
scheme. The notch scheme not only dom- 
inated the status quo, but for certain con- 
figurations of the parameters, it stimulated 
more labor supply with less excess burden: 
than the NIT. 

Interestingly, neither intertemporal nor in- 
terpersonal substitution would likely be a 
problem for a notch welfare scheme of the 
sort we propose. Low-wage people have 
limited opportunities to vary their hours of 
work, and a year is already a long time 
period as such decisions go. Similarly, the 
costs of cheating are probably very substan- 
tial in the welfare case. Presumably, worker 
A would have to get his employer to report 
some of his earnings as if they had been 
earned by worker B. This requires the com- 
plicity of the employer. Then worker B would 
have to be trusted to share the subsidy check 
that he receives from the government. The 
whole thing sounds quite cumbersome. These 


17The system we outline provides nothing for house- 
holds unable to work. Thus it must be viewed as one 
component of a categorical system that also includes an 
outright dole for those judged unable to work. Of course, 
the administrative difficulties posed by categorical sys- 
tems is one reason why many reformers favor the NIT. 
It is far from clear, however, that any real world welfare 
system can be entirely noncategorical. It is hard to 
imagine the political process allowing a healthy full-time 
college student to receive NIT payments, for example. 
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and other considerations lead us to suspect | 


that cheating might not be a major problem 
for a welfare system that featured a notch 
incentive to work. 

We have emphasized throughout that the 
results depend on the distribution of individ- 
ual tastes‘and endowments. If the ideas ad- 
vanced ` ‘here are deemed to be fruitful, the 
natural next step would bè to simulate the 
effect of notch subsidies for' realistic pro- 
grams using estimated utility function pa- 
rameters for a sample of actual consumers. 
Such a study would provide a more definitive 
basis for evaluating “the ‘efficacy of notch 
incentives. All we have done here is to drop a 
few, hopefully provocative, hints. 
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Searching for Leviathan: An Empirical Study 


By WALLACE E. OATES* 


_ Total government intrusion into the 
. economy should be smaller, -ceteris 
paribus, the greater the extent to which 
taxes and expenditures are decentral- 
ized.... 
[Brennan and Buchanan, 1980, p. 185] 


In several papers and a recent book, 
Geoffrey Brennan and James Buchanan 
(1977, 1978, 1980) have put forth a striking 
and controversial view of the public sector. 
Drawing by analogy on the conventional the- 
ory of monopoly in the private sector, they 
envision a monolithic government that sys- 
_ tematically seeks to exploit its citizenry 
through the maximization of the tax reve- 


nues that it extracts from the economy. From. 


this perspective, they develop a fiscal con- 
stitution whose central purpose is to con- 
' strain “Leviathan” by limiting in various 
ways its access to tax and other fiscal instru- 
_ ments. 
While the Leviathan hypothesis has been 
- the source of lively debate and a wide range 
of policy proposals, it has not been the sub- 
ject of much systematic empirical work or 
testing.! This is a matter of some importance 
since the policy implications of the Leviathan 
view are disturbing, to put it mildly. In par- 
ticular, Brennan and Buchanan virtually 
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lFor a critical appraisal of the Leviathan model, see 
Richard Musgrave (1981). 


stand on their heads many of the basic theo- 
rems in public finance for an efficient and 
equitable tax system. If, in fact, the Leviathan 
view is an inaccurate depiction of the func- 
tioning of the public sector, the introduction 
of their policy proposals is likely to make a 
sorry mess of the fiscal system. 

The Leviathan model does, however, have 
some straightforward implications for ob- 
servable fiscal behavior. It is the purpose of 
this paper to examine one of these testable 
implications. Brennan and Buchanan stress 
that fiscal decentralization is itself a power- 
ful constraint. on .Leviathan:. competition 
among governments. in. the context of the 
“interjurisdictional mobility of persons in 
pursuit of ‘fiscal gains’. can offer partial or 
possibly complete substitutes for explicit fis- 
cal constraints on the taxing power” (1980, 
p. 184). Such competition among govern- 
ments in a federal system.that places heavy 
reliance on “local” fiscal decisions will greatly 
limit the capacity of Leviathan to channel 
resources into the public sector. In short, as 
indicated by the epigraph to this paper, the 
Leviathan model implies that, other things 
equal, the size of the public sector should 


. vary inversely with the extent of fiscal de- 
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centralization.” 


2As Musgrave has pointed out to me, other sorts of 
models besides Leviathan could produce such an out- 
come. He notes, in particular, the redistribution func- 
tion. Under a highly decentralized public sector, there is 
likely to be comparatively little in the way of assistance 
to the poor for two reasons. First, sorting out along 
Tiebout lines will imply relatively income-homogeneous ` 
jurisdictions with little scope for redistribution from 
wealthy to poor within jurisdictions. And, second, the 
fear of attracting mobile poor. with relatively generous 
support programs: will tend to deter the adoption of 
such programs, All this suggests that. the scope for 
public relief programs will be more circumscribed under 
a relatively decentralized fiscal system. This would lead 
us to expect comparatively larger budgets where the - 
public sector is more centralized as a result cf a greater _ 
demand for assistance to low-income households. 
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I. More on the Empirical Test 


Brennan and Buchanan thus see a de- 
centralized public sector as a mechanism for 
limiting the growth or size of government. 
But there is an alternative view. Suppose that 
instead of a monopolistic setting, compe- 
tition among political parties produces an 
outcome that conforms fairly closely to the 
tastes of the citizenry—as under the conven- 
tional median-voter model. In such a com- 
petitive political environment, one would 
have no reason to expect a negative associa- 
tion between the size of public budgets and 
the degree of fiscal decentralization. In a 
centralized setting, the outcome would con- 
form to the preferences of the “overall” 
median voter. If, in contrast, levels of output 
were set independently in each jurisdiction, 
the median voter in each locality would 
effectively choose the budget. It is impossible 
to determine whether the average level of 
output in the decentralized case would ex- 
ceed or fall short of output under centralized 
decision making without knowing both the 
distribution of tastes and the location of the 
populace.’ 

In fact, one might argue for the compet- 
itive case that, from a purely budgetary 
perspective, increased fiscal decentralization 
would typically result in a higher level of 
government expenditure. Greater decentral- 
ization may result in the loss of certain 
“economies of scale” with a consequent in- 
crease in costs of administration. This, of 
course, need not imply an inferior outcome; 
the welfare gains from the tailoring of local 
budgets to local preferences and from the 


3As Musgrave suggested to me, the result is likely to 
depend critically on the arrangement of preferences in 
the tails of the distribution. Suppose, for example, that 
the upper tail of the distribution of tastes stretches out 
quite far. This will have little impact on the outcome 
under centralized decision making, since the distribution 
of the tail has no effect on the median voter. Under a 
more decentralized system, however, these high de- 
manders might reside together in a jurisdiction with an 
extraordinarily high level of output. Musgrave conjec- 
tures that the tail on the high side might be expected to 
be the more skewed so that, ceteris paribus, the budget 
is likely to be larger under decentralization. 
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wider range of choice available to mobile 
consumers may more than offset the ad- 
ditional administrative expenditures. The 


` point is simply that fiscal decentralization 


may be relatively expensive in budgetary 
terms. Thus, a more competitive view of the 
functioning of the public sector would sug- 
gest, contrary to the Leviathan model, an 
absence of a positive association between 
government size and fiscal centralization with 
the possibility that this association might 
even be negative. 

John Wallis, an American economic histo- 
rian, has suggested to me an even stronger 
hypothesis. He contends that since individu- 
als have more control over public decisions 
at the local than at the state or national level, 
they will wish to empower the public sector 
with a wider range of functions and responsi- 
bility where these activities are carried out at 
more localized levels of government. Based 
on his reading of American history, Wallis 
offers the conjecture that over time and across 
states, the state-local sector has tended to be 
larger, the more decentralized is fiscal deci- 
sion making. 

The resolution of this debate requires re- 
course to the actual facts of governmental 
structure and budgetary outcomes. A little 
over a decade ago in the context of a larger 
study. I undertook a cursory examination of 
the relationship between the size of govern- 
ment and the extent of fiscal decentraliza- 
tion, using a cross-sectional sample of 57 
countries (1972, pp. 209-13). Regressing a 
measure of the size of the public sector (tax 
revenues as a fraction of national income) on 
a fiscal centralization ratio (ie. central- 
government tax revenues as a percentage of 
total tax revenues), I found a strong and 
Statistically significant negative association. 
Increased fiscal decentralization in this sim- 
ple regression equation was associated with a 
larger government sector. However, after 
controlling for the effect of the level of in- 
come on the size of government (i.e., 
Wagner’s “Law”), the relationship between 
the two variables of interest became much 
weaker: the sign remained negative but was 
not significantly different from zero at the 
usual confidence levels. This earlier work thus 
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does not support the Brennan-Buchanan 
model of Leviathan; in none of the statistical 
tests did the results suggest that fiscal de- 
centralization was significantly associated 
with a relatively small public sector. 

In view of the renewed interest in this 
issue, I turn in this paper to a more careful 
study of this relationship, making use of two 
quite different bodies of data. First, the In- 
ternational Monetary Fund (1982) has re- 
cently provided an extraordinarily rich set of 
information on public finances disaggregated 
by level of government. From this data, I 
have been able to assemble measures of the 
extent of fiscal centralization for a sample of 
43 countries. The second sample is quite 
different: it consists of the state-local sector 
in each of the 48 contiguous states in the 
United States. For this second sample, I 
explore the association between the budget- 
ary size of state and local government in 
each state and the degree of decentralization 
of the state-local “ fisc.” 

Each of the two samples has its relative 
strengths and weaknesses for purposes of 
this study. The international sample encom- 
passes much greater diversity in governmen- 
tal structure and consequently provides con- 
siderably more variation in the variables of 
interest. There is, in a sense, more to work 
with here. However, this comes at some cost, 
for the state-local data are undoubtedly more 
reliable and comparable than those from 
different countries; there should, therefore, 
be less in the way of measurement error and 
differing classifications of budgetary items. 
Finally, there is the issue of the extent of 
fiscal mobility. There must typically exist 
greater mobility across state than national 
boundaries suggesting that fiscal decen- 
tralization, from the Brennan-Buchanan 
perspective, should enforce a greater fiscal 
“discipline” on state than on national 
governments. In short, the scope for state 
governments to extract “surplus” from their 
residents is probably less than for the central 
government. Nevertheless, state governments 
are surely in a much less constrained posi- 
tion than are the myriad of smaller local 
governments that compete with one another 
within a state’s borders. The Leviathan model 
would thus predict that, other things equal, 
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those states with a more decentralized fiscal 
structure should have a smaller state-local 
sector. i 

The testing procedure will be to take as 
the null hypothesis the proposition that 
government size and the extent of decentral- 
ization bear no relation to one another. Since 
the various views discussed above suggest 
that the relationship between these two vari- 
ables could be either negative or positive, it 
is appropriate to use a two-tailed test to 
determine if we ċan reject the null hypothesis 
in favor of the alternatives. 


Il. Empirical Results: The State-Local Sector 


As a measure of the “size” of the public 
sector, the Leviathan view suggests that we 
focus on the level of tax revenue that the 
state extracts from the economy. Normaliz- 
ing for the level of income, I take as the 
dependent variable for this part of the study 
aggregate state-local tax receipts in each state 
as a fraction of personal income (G). The 
appropriate measure of the extent of de- 
centralization is less clear. In consequence, I 
have used three plausible indices of state-local 
decentralization. The first two are fiscal 
centralization ratios: the state share of state- 
local general revenues (R, a revenue mea- 
sure) and the state share of state-local total 
expenditure (E, an expenditure measure). As 
a third and a nonfiscal index of decentraliza- 
tion, I have employed the absolute number 
of local government units in the state (L).* 
This variable is suggested by Brennan and 
Buchanan’s observation that “the potential 
for fiscal exploitation varies inversely with 
the number of competing governmental units 
in the inclusive territory” (1980, p. 185).° 


4I experimented with some variants of L involving 
the normalization of the number of local governments 
for land area and for population size. In these forms, its 
explanatory power was considerably reduced compared 
to its unnormalized form. 

SIn an interesting theoretical paper, Dennis Epple 
and Allan Zelenitz (1981) have explored the extent to 
which competition among local jurisdictions can limit 
the power of local governments to extract tax revenues 
from their residents. They find that increasing the num- 
ber of local jurisdictions limits the scope for such taxa- 
tion, but cannot eliminate it entirely. 
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TABLE 1—SUMMARY STATISTICS 


Variable Mean Maximum Minimum SD 
G 12 18 10 02 
R 58 .78 43 08 
E 43 59 22 08 
L 1660 6620 120 1450 


Note: G = total state-local tax receipts as a fraction of 
state personal income; R = state share of state-local 
general revenues; E= state share of state-local total 
expenditures; L= number of local government units; 
and SD = standard deviation. 


Table 1 reports the basic summary statis- 
tics for the four variables. State-local tax 
revenues as a fraction of personal income 
(G) have a mean value of .12 and vary from 
a high of .18 for New York to a low of .10 
for Ohio. There is considerable diversity in 
the extent of fiscal concentration: the cen- 
tralization ratio for revenues (R), for exam- 
ple, varies from a maximum of .78 for New 
Mexico to a minimum of .43 for New Hamp- 
shire with a mean value of .58. Likewise, the 
number of local governments ranges from 
6,620 in Illinois to only 120 in Rhode Island. 
The sources of the data are listed in the 
Appendix. I would note that the fiscal data 
come from the 1977 Census of Governments. 
It seemed advisable to use a year prior to the 
“disturbances” introduced by the numerous 
measures enacted under the fiscal-limitation 
movement in the United States. 

As a first and admittedly crude examina- 
tion of the associations among these vari- 
ables, I looked at the simple rank correlation 
between G and each of the three measures of 
state-local decentralization. While this fails 
to hold constant for the influence of other 
variables, it does give some sense of the 
simple relationship between the pairs of vari- 
ables without imposing any a priori assump- 
tions concerning the probability distribution 
of the population from which the sample 
was drawn. Table 2 reports the -value of 
the Spearman rank correlation coefficient 
(Spearman’s rho) between G and each of the 
decentralization measures and the associated 
t-statistic (Sidney Siegel, 1956, p. 202). The 
correlation between G and each of the fiscal 
centralization ratios is negative, indicating 
that a more centralized state-local sector 
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TABLE 2— SPEARMAN RANK CORRELATION COEFFICIENT 


Variable Correlation 
Pair Coefficient t-Statistic 
G,R —.22 1.50 
G,E —.25 1.73 
G,L — .06 0.41 


tends to be associated with a smaller state- 
local sector. Although the negative corre- 
lation runs counter to the prediction of the 
Leviathan model, the association is not suffi- 
ciently strong in either case to reject the null 
hypothesis of a zero correlation at a .05 
significance level using a two-tailed test.° In 
contrast, the correlation between G and L, 
the number of local governments, has the 
negative sign implied by the Leviathan hy- 
pothesis; however, the relationship is very 
weak, and again we cannot reject the null 
hypothesis of a zero correlation. The simple 
rank correlations thus do not support the 
Leviathan model. 

In an attempt to control for other vari- 
ables that influence the size of the public 
sector, I move next to a multiple-regression 
analysis. In the absence of a fully specified 
model of the economy, I have resorted to a 
series of admittedly ad hoc, reduced-form 
equations using explanatory variables that 
other studies have found to be of significance 
in explaining the size of the government sec- 
tor.’ The regression analysis requires one fur- 
ther modification: since the dependent vari- 
able has a range limited to the zero-to-one 
interval, the basic assumptions of the regres- 


As an alternative testing procedure, I might have 
focused on the Brennan-Buchanan prediction of a posi- 
tive relationship between G and the measure of fiscal 
centralization and taken it as the alternative to the null 
hypothesis of no relationship. This procedure would 
imply a one-tailed test of Hy against H,. However, as 
the regression results will make clear, this form of test 
would not alter the basic findings. 

7Although I am unhappy with my inability to derive 
formally the equation to be estimated from a fully 
specified structural model, I would note that the depen- 
dent variable is the ratio of government revenues to 
personal income. The complete structural model would 
thus have to determine both the level of government 
budgetary activity and the level of private income—a 
formidable task. 
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TABLE 3— ESTIMATED REGRESSION EQUATIONS 
. AR) G’ = -1.8 -— R? =.04 
. (11.5) (1. 3) 
(LE) G’=-1.7- .006E* R? =.10 
(14.9) (2.2) 
(aL) G’=-20+4+ 5 X10°°L R? =.003 
(59.2) (0.3) 
(2R) G’=-2.9+ .O0O1Y* —.003P — .002U +.01/* — .006R R? = 32 
(8.7) 3.5) (04) (7) (28) (17) 
QE) =-—28 + .0001Y* — 0002P — .002U +.0087 — .004E R? =.29 
. (6.6) (3.1) (0.0) (20) (1.9) (1.0) - 
(2L) G’=-3.0+ .0001Y* — :008P — .002U* +.0077 — .00002L R?=.29 
(9.2) 6) 00 (1) (8) (1) 


Note: The numbers in parentheses below the estimated coefficients are the absolute 
values of the t-statistic. An asterisk indicates that the estimated coefficient is statistically , 
significant at the .05 level (using a two-tail test). U = percentage of state’s population 
residing within Standard Metropolitan Statistical Areas (SMSA); P = population (in 


millions); 


sion model are not satisfied. To correct for 
this, I have used the logistic transformation 
to create a new dependent variable whose 
value can range over the whole set of real 
numbers (see, for example, Robert Pindyck 
and Daniel Rubinfeld, 1981, p. 287). Table 3 
reports the findings for the transformed G 
(denoted G’). The results, incidentally, do 
not differ substantively from those if the 
transformation.is not used. 

‘The first three equations in Table 3 are the 
simple regressions of G’ on each of the mea- 
sures of decentralization. They are roughly 
consistent with the rank correlations, indicat- 


ing negative associations of G’ with R and 


‘E. The simple correlation with L is now 
positive but remains very weak. The next 
three equations attempt to control for the 
influence of other key variables on the size of 
the public sector. The level of per capita 
iricome (Y), for example, has a positive and 
significant association with the size of the 
public sector.(consistent with earlier studies 
of Wagner’s Law). Population size (P) ex- 
hibits a postivie sign but is not significantly 
different from zero in any of the three equa- 
tions. Next, the extent of urbanization (U) is 
negatively related to G’ and.is statistically 
significant in one of the three equations. 
Other things equal, the more urbanized a 
state, the smaller is its public sector, reflect- 
ing perhaps some economies in providing 


Y=state personal income per capita; J = 
percentage of state-local general revenues. ` 


intergovernmental grants as a 


services to more densely populated areas. 


There exists a body of theoretical and econo- 
metric work suggesting that intergovernmen-. 
tal grants provide a significant stimulus to 
expenditures by the recipient. The findings 
here are consistent with this. The variable J, 
the percentage of state-local general revenues 
that comes from intergovernmental grants, 
has the expected positive coefficient and is 
statistically significant in equation (2R). 

Of central interest here is the effect of 
including these control variables on the mea- 
sured influence of the decentralization vari- 
ables. The fiscal centralization ratios, R and 
E, retain their negative sign, but in neither 
case can we reject the null hypothesis of no 
association. The number of local govern- 
ments L now has a negative sign (consistent 
with the Leviathan view) and a somewhat 
larger t-statistic, but we are likewise unable 
to reject the null hypothesis of no association 
at the .05 level. The results of the multiple- 
regression analysis do not appear to provide 


® Rubinfeld has suggested that the. negative and sig- 
nificant sign of the estimated coefficient.of the urbaniza- 
tion variable could be interpreted as providing support 
for Leviathan. The contention is that in more highly © 
urbanized areas, the Tiebout process of sorting can 
better work itself out. Thus, more highly urbanized 
states are likely, from this perspective, to be effectively 
more decentralized. 
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real support for either the view that de- 
centralization constrains the size of the pub- 
lic sector or that it results in a more ex- 
pansive government sector. I would note, 
moreover, that these findings seem quite 
robust. I experimented with several different 
specifications of the multiple-regression equa- 
tion, including the use of some nonlinear 
transformations of the key variables. In a 
few instances, the fiscal centralization vari- 
ables were both negative and statistically sig- 
nificant, providing some support for the 
Wallis hypothesis. But in no cases did I 
find any significant coefficients with the sign 
predicted by the Leviathan model.? 


I. Empirical Results: The World Sample 


The procedures for analyzing the data from 
my international sample of 43 countries are 
essentially the same as those for the state- 
local study. First I have computed the Spear- 
man rank correlation coefficients between a 
revenue measure of government size and my 
measures of fiscal centralization. And sec- 
ond, I present estimates of regression equa- 
tions using basically the same control vari- 
ables as earlier. In addition to results for the 
world sample as a whole, I report the esti- 
mated equations for two subsamples: a group 
of 18 industrialized countries (so classified 
by the IMF) and the remaining 25 “develop- 
ing” countries. As will become apparent 
shortly, there are some striking and im- 
portant differences between the developing 


° There is a further issue. Since some grant funds take 
a matching form, the level of public spending may 
influence the amount of intergovernmental grants-in-aid. 
Intergovernmental grants (7) thus may be taken to be 
an endogenous variable in the multiple-regression equa- 
tions implying the presence of simultanecus-equation 
bias. Likewise, one can make a case for the endogeneity 
of the fiscal centralization ratios, R and E. To address 
this matter, I reestimated equations (2R), (2E), and 
(2 L) using the two-stage least squares procedure (2SLS) 
and treating J, R, and E as endogenous variables. In 
the 2SLS equations, the estimated coefficient for the 
grant variable remained positive but its t-statistic de- 
clined somewhat. The estimated coefficients of the 
centralization variables (R, E, and L) retained their 
negative signs but were not significantly different from 
zero. 
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TABLE 4— SUMMARY STATISTICS 


Variable Mean Maximum Minimum SD 
(a) World Sample (N = 43) 

G 31 57 12 13 

R 85 99 48 14 

E 79 99 40 18 
(b) Industrial Countries (N = 18) 

G 42 57 26 .09 

R -76 .96 48 15 

E 65 .92 40 16 
(c) Developing Countries (N = 25) 

G 22 .50 .12 .09 

R .92 .99 1 08 

E 89 99 63 11 


Note: G = total public revenues as a fraction of GDP; 
R = central government share of total government reve- 
nue; E=central government share of total public ex- 
penditure. 


and industrialized countries in terms of both 
the size and structure of the public sector. 

Table 4 presents the summary statistics for 
the world sample. The government-size vari- 
able G (here defined as total public revenues 
divided by gross domestic product) exhibits 
considerably more variation than in the set 
of state-local data. Tax revenues as a fraction 
of GDP have a mean value of .31 and range 
from a high of .57 in Sweden to a low of .12 
in Bangledesh. For the international sample, 
I have only fiscal measures of the extent of 
centralization: R is the fraction of total gen- 
eral revenues going.to the central govern- 
ment, and £ is the fraction of total public 
expenditure attributable to the central gov- 
ernment. For purposes of E, intergovern- 
mental grants are excluded from the grantor’s 
expenditures so that E is the central gov- 
ernment’s share of total disbursements. As 
Table 4 indicates, the extent of fiscal 
centralization ranges widely within the sam- 
ple, reaching from almost complete central- 
ization of .99 to a central government share 
of well under one-half. 

Panels (b) and (c) of Table 4 reveal the 
dramatic differences between the typical in- 
dustrialized and developing country. The in- 
dustrialized countries exhibit both a much 
larger size of the public sector (a mean value 
of G of .42 compared to .22) and a far less 
centralized government sector (a mean of E 
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of .65 compared to .89). The developing 
countries are characterized by relatively 
small, but highly centralized, public sectors. 

A listing of the data and their sources 
appears in the Appendix. I have used IMF 
data to construct the fiscal centralization 
ratios. From the IMF Government Finance 
Statistics Yearbook (1982), I included in this 
study every country for which I had reason- 
able assurance that the data encompassed all 
the relevant levels and units of government. I 
computed the centralization ratios for the 
most recent year for which data were avail- 
able—1980 or 1981 in most cases—but 
reaching back as far as 1976 in a few in- 
stances. This. produced the sample of 43 
countries. Regarding the nonfiscal data, I 
have used as a measure of per capita income 
(in U.S. dollars) the recent estimates by 
Robert Summers et al. (1980) from the Inter- 
national Comparison Project of the United 
Nations. 

Table 5 reports the rank correlation coeffi- 
cients and associated ¢-statistics between G 
and R and between G and E for the entire 
world sample and for the two subsamples. 
For the entire set of 43 countries, the rank 
correlation between the size of the public 
sector and the extent of centralization is 
strongly and significantly negative. A rela- 
tively decentralized public sector is typically 
comparatively large. However, this result is 
misleading. It reflects the fact just noted that 
the poorer developing countries have small, 
centralized public sectors, while the in- 
dustrialized countries have relatively large 
and decentralized governments. When we ex- 
amine the coefficients for the two subsam- 
ples, we find that there is no longer a signifi- 
cant relationship between the variables. 
Within the ‘subsamples, government size 
seems to have little relation to the degree of 
centralization in the public sector. 

Turning next to the regression analysis in 
Table 6 (where again I make use of the 
logistic transformation of G, denoted G’), 
note first that the simple regressions (1R) 
and (1£) confirm the rank-correlation analy- 
sis. For the whole sample, G is negatively 
and significantly related to both R and E, 
but within each subsample; this association 
effectively disappears. Equations (2R) and 
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TABLE S—-SPEARMAN RANK CORRELATION COEFFICIENT 


Correlation . 
Variable Coefficient t-Statistic 
(a) World Sample 
G,R 39 2.71 
G,E ~ 49 3.60 
(b) Industrialized Countries 
G,R — 02 0.08 
G,E ~ 15 0.61 
(c) Developing Countries 
G,R .20 0.98 
G,E 12 0.58 


“ 


(2E) are the multiple-regression equations, 
where the control variables are basically the 
same as in the state-local equations. Within 
each of the samples, equation (2R) is virtu- 
ally identical with (2E), suggesting that it 
makes little difference whether we use a reve- 
nue or expenditure measure of the extent of 
fiscal. centralization. For the entire world 
sample, the multiple-regression equations 
have substantial explanatory power: they can 
“explain” nearly 80 percent of the variation 
in the size of the public sector. In particular, 
I find that other things equal, high-income 
countries typically have relatively large pub- 
lic sectors, populous nations tend to have 
comparatively small government sectors, and 
countries that rely heavily on intergovern- 
mental grants have, on average, large public 
sectors. However, the measures of fiscal 
centralization, R and E, contribute virtually 


_nothing to the explanatory power of the 


equations. The extent of centralization in the 
public sector appears to have little effect on 
the size of government.!° 


10 Responding to the empirical findings for the inter- 
national sample, Edwin Mills has offered the interesting 
suggestion that to measure Leviathan’s monopoly power, 
the fiscal autonomy of decentralized governments is 
probably a better measure than their share of taxes or 
spending. Mills suggests a constitutional variable: the - 
existence of a federal constitution. Following up on this, 
I find that if I divide the total sample into 8 federal and 
35 nonfederal countries, the mean size of the public 
sector as a fraction of GDP (ic, G in the earlier 
equations) is slightly larger for federal countries. Prob- 
ably of more relevance, however, within the subsample 
of 18. industrialized countries, the mean value of G is 
somewhat less for the 6 federal countries than for the 12 
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TABLE.6— ESTIMATED REGRESSION EQUATIONS 
(a) World Sample . 
(IR) G’= 08 — 2.0R* R? =16 
(13) (2.8) 
(LE) G’= 06 — 19E* R? = .26 
(16) (8) - 
CR) G'=— 1.9 + .0003Y* — .004P* +.001U +0.61* +0.1R R? =.78 
67) (60) (28) (04) (25) (02) 
CE) G’=- 19 + .0003¥* — .004P* +.001U +0.6/* +0.1E a R?.=.78 
(46) (5.2) (29) (04) . (2.7). (03) - 
(b) Industrialized Countries f : 
(LR) G'=- 0.3 — .O7R R? =.001 
` (0.5) (01 ; 
(LE) ` G'=— 003- 05E R? =.04 
(0.0) E 
(2R) G’=- 18 .0004¥* — .005P* — .007U +0.77 +04R R? = 57 
(2.3) te D- (3.1) (1.2) (1.8) (05) . 
(QE) G’=— 1.9 + .0004Y* — 005P* — .007U +0.8/* +0.4E R? =.57 
(26) (8.2) (3.2) (13) (23) (07) 
(c) Developing Countries 3 ae os 
ARY © G'=— 22 +09R . R? =.02 
E l (1.8) (0.7) 
(LE) G'=— 15 + 03E R? = 004 
' , (1.9) (0.3) 
(2R) 'G!=—=> 29 “+ Q004Y + .0003P +.004U +0.47 +10R- . R? =.59 
(22) (16) (01) (05) (1.2). 07) -> , 
QE) 'G'=— 2,7 + 0004Y + .0002P +.004U +0.51 +0.7E P R? =.59 
; (2.9) (16) (0.1) (05) (1.6) (0.8) : 


Note: The numbers in parentheses below the estimated coefficients are the absolute values of the associated t-statistic. 
An asterisk indicates that the estimated coefficient is statistically significant at the .05 level (using a two-tail test); 
Y = income per capita in U.S. dollars for 1977; P = population (in millions); U = percentage of pene living in 


urban areas; J = 


$ 


nonfederal nations—a result that is presumably con- 
sistent with the Leviathan hypothesis, However, in 
neither case could a simple test for the difference be- 
tween the means reject the null hypothesis that the 
observations come from the same population (at a .95 
level of confidence). I also reestimated the regression 


equations in Table 6 substituting for the fiscal central- _ 


ization ratios a dummy variable equal to one for those 
countries with a federal constitution and zero-otherwise. 
In the multiple regression equations, the estimated 
‘ coefficients on the dummy variable were of negative 
sign. Taking the point estimate for this coefficient from 
the equation for the industrialized countries, one finds 
that, ceteris paribus, the value of G for a federal country 
is about 5 percentage points less than for a nonfederal 
nation. However, in none of the equations was the 
t-statistic of sufficient size to reject the null hypothesis 
of no association. Related to this, Richard Bird (1984) 
using a sample of 13 countries from a study by Morris 
Beck (1981) finds that, over the period 1950-77, the rate 
of growth of real government expenditure in relation to 
GNP was actually slightly higher in federal than in 
nonfederal countries. It seems hard to’ find any really 
significant differences here. 


intergovernmental grants as a percentage of total government general revenues. 


The multiple-regression equations for the. 
two, subsamples tell pretty much the same 
story (except that the ¢-ratios for the sub- 
sample of developing countries tend to be 
somewhat smaller). The fiscal-centralization 
variables have positive coefficients, but the. 
t-ratios remain quite small. Finally, like the 
results for the state-local analysis, the. find- 
ings for the international sample seem quite’ 
robust. The use of a number of alternative 
specifications of the equations and variables 
did not alter the substance of the results." 


HAs with the state-local sample, I reestimated the 
multiple-regression equations using 2SLS and treating 
intergovernmental grants (J) and the centralization 
ratios (R and E) as endogenous variables. The general 
pattern of the results remained similar to those reported 


` in Table 6 although there was a substantial reduction in 


the #-statistic for the grant variable (/). The estimated 
coefficients for the centralization ratios remained statis- 


tically insignificant. . 
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IV. Conclusion 


Overall, the results of this study suggest 
that there does not exist a strong, systematic 
relationship between the size of government 
and the degree of centralization of the public 
sector. At the offset, I set forth as the null 
hypothesis the proposition that centraliza- 
tion and the size of government have little to 
do with one another. We certainly cannot 
reject this proposition from the findings in 
any of the samples or subsamples in this 
study. 

What implications can we draw from all 
this? I would stress that the basic finding 
does not imply that there is no place in 
public economics for the revenue-maximiza- 
tion hypothesis. There is, in fact, consider- 
able evidence to support budget-maximizing 
behavior by public agents in certain sorts of 
institutional settings (for example, the liter- 
ature on bureaucracy). But it is another mat- 
ter to try to characterize the entire public 
sector as a monolithic, monopolistic actor 
with the sole objective of making the govern- 
ment sector as large as possible. The results, 
it seems to me, cast considerable doubt on 
the usefulness of the Leviathan model. If, in 
fact, potentially pervasive revenue-maximiz- 
ing forces are at work in the public sector, 
we should expect to see these forces manifest 
themselves in terms of larger budgets where 
given the opportunity to do so. As Brennan 
and Buchanan suggest, Leviathan will have 
much more scope for action in a relatively 
centralized public sector. But I seem to find 
no real difference in outcomes whether 
Leviathan is constrained by decentralization 
or not. Perhaps, after all, Leviathan is a 
mythical beast. 


APPENDIX 


Sample of countries: 


Australia Cyprus 
Austria Denmark 
Bangledesh Ecuador 
Brazil ` Ethiopia 
Canada Fiji 

Chile Finland 
Costa Rica France 
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Germany (West) Norway 
Greece Pakistan 
Honduras Panama 
Iceland Paraguay 
Tran Philippines 
Ireland South Africa 
Israel Spain 

Kenya Sweden 
Korea Switzerland 
Luxembourg Thailand 
Malawi Tunisia 
Mauritius United Kingdom 
Mexico United States 
Netherlands Uruguay 
New Zealand i 


Sources of data for the state-local study: 

Fiscal data: 1977 Census of Governments, 
Vol. 4, No. 5, Tables 23, 24, 35, and 39. The 
same source was used for total population, 
urban population, number of local govern- 
ments, and income per capita, but came from 
Table 46. The land area, population density, 
and date entered the union is from The 
World Almanac..., 1980. 


Sources of data for the international study: 

Fiscal data: IMF Government Statistics 
Yearbook, Vol. VI, 1982; the income per 
capita: Summers et al., pp. 19-66 (data used 
for 1977); GDP: United Nations Yearbook of 
National Accounts Statistics, 1980, Vol. 1, 
1982; total population: United Nations De- 
mographic Yearbook 1981, Table 6, 1983; 
urban population was from the same source 
but supplemented by The World Almanac..., 
1983. 


REFERENCES 


Beck, Morris, Government Spending, Trends 
and Issues, New York: Praeger, 1981. 

Bird, Richard M., “Federal Finance in Com-. 
parative Perspective,” Working Paper No. 
84-22, Department of Economics and In- 
stitute for Policy Analysis, University of 
Toronto, June 1984. 

Brennan, Geoffrey, and Buchanan, James, The 
Power to Tax: Analytical Foundations of a 
Fiscal Constitution, Cambridge; New York: 
Cambridge University Press, 1980. 


VOL. 75 NO.4 


and 
Constraints on the Disposition of Public 








Revenues,” Journal of Public Economics, 
June 1978, 9, 301-18. 
and ______, “Towards. a Tax Con- 





stitution for Leviathan, ” Journal of Public 
Economics, December 1977, 8, 255-73. 
Epple, Dennis and Zelenitz, Allan, “The Impli- 


cations of Competition Among Jurisdic-. . 


‘tions: Does Tiebout Need Politics?,” Jour- 
nal of Political Economy, December 1981, 
89, 1197-1217.. 

Musgrave, Richard, “Leviathan Cometh—or 
Does He?,” in H. Ladd and T. N. Tide- 
-man, eds., Tax and Expenditure Limita- 
tions, COUPE Papers on Public Econom- 
ics, 5, Washington: The Urban Institute, 
1981, 77-120. 


Oates, Wallace, Fiscal Federalism, New York: . 


Harcourt Brace Jovanovich, 1972. 
Pindyck, Robert and Rubinfeld, Daniel, Econo- 


metric Models and Economic Forecasts, 2d 


ed., New York: McGraw-Hill, 1981. 


, “Tax Instruments as 


OATES: SEARCHING FOR LEVIATHAN 757 


Siegel, Sidney, Nonparametric Statistics for the 
Behavioral Sciences, New York: McGraw- 
Hill, 1956. 

Summers, Robert, Kravis, Irving and Heston, 
Alan, “International Comparison of Real 


. Product and its Composition: 1950-77,” 


; Review of Income and Wealth, March 1980, 
Series 26, No. 1, 19-66. 

International Monetary Fund, Government Fi- 
nance Statistics Yearbook, Vol. VI, Wash- 
ington: International Monetary Fund, 
1982. 

United Nations, Yearbook of National Accounts. 
Statistics, 1980, Vol. 1, New York: United 
Nations, 1982. - 

, Demographic Yearbook, 1981, New 
York: United Nations, 1983. 

U.S. Bureau of the Census, 1977 Census of 
Governments, Vol. 4, No. 5: Compendium 
of Government Finances, Washington: US- 
‘GPO, August 1979. 

The World Almanac and Book of Facts, 1980; 
1983. 





Industry Structure with Fluctuating Demand 


By David E. MILLS AND LAURENCE SCHUMANN* 


The intra-industry distribution of demand- 
induced output fluctuations is a neglected 
aspect of the theory of industrial organiza- 
tion. The standard model of competitive equi- 
librium has identical firms and stationary 
demand. Eytan Sheshinski and Jacques 
Dréze (1976) extended this model to an en- 
vironment with demand fluctuations to study 
its industry-structure implications. They con- 
cluded that demand fluctuations increase the 
number of firms sustained in competitive 
equilibrium, and that each firm produces less 
on average with fluctuations than without. 
By preserving the identical-firm assumption, 
Sheshinski and Dréze predict that industry- 
wide output fluctuations are distributed 
equally among competitors. 

An alternative model of competitive equi- 
librium with stationary demand would have 
constant-returns-to-scale firms with various 
output levels. Such firms would be “pro- 
portionate clones” of each other in a techno- 
logical sense. The analagous extension of this 
model to an environment with demand 
fluctuations would have output fluctuations 
distributed equiproportionately among com- 
petitors; a firm whose mean output is 4 
percent of the industry mean would preserve 
its market share and absorb 4 percent of 
industrywide fluctuations in output. Neither 
of these theories—that fluctuations are dis- 
tributed equally or equiproportionately—are 
totally convincing. (This is especially so in 
light of evidence presented below.) In this 
paper we propose a more complete and 
slightly more subtle theory of industry struc- 
ture with demand fluctuations, one that gives 
a larger place to the technological diversity 
of rivals. 

We argue that a significant part of the 
general pattern of firm heterogeneity ob- 


*Department of Economics, University of Virginia, 
Charlottesville, VA 22901. Mills would like to thank the 
Earhart Foundation and the U.S. Small Business Ad- 
ministration for financial support. Many colleagues have 
provided helpful comments on earlier versions. 
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served in industries is due to accommodating 
demand fluctuations. Further, these dif- 
ferences are perfectly consistent with a com- 
petitive theory of industry structure where 
rivals’ strategies are seen to include the choice 
of a production technology. A basic assump- 
tion of the paper is that the space of avail- 
able technologies affords a tradeoff between 
static-efficiency and flexibility, a characteris- 
tic of firms first described by George Stigler 
(1939) that enhances their ability to vary 
output.” With stationary demand and a con- 
stant price, all firms in a competitive in- 
dustry share a common minimum level of 
average costs. Only static-efficient rivals 
survive in the long run. But, with fluctuating 
demand, we show that it is possible for firms 
with higher minimum average cost also to 
survive if they are sufficiently flexible. This 
tradeoff makes it possible for technologically 
diverse firms to compete with each other by 
relying on offsetting cost advantages. 


1Many intra-industry differences in firms of course 
owe nothing to fluctuations. Richard Caves and T. A. 
Pugel (1980) and Michael Porter (1979) both explore a 
variety of strategies that distinguish rivals. Caves and 
Pugel explicitly consider technological diversity but not 
in connection with accommodating demand fluctua- 
tions. They suggest that small firms do not use merely 
“less efficient miniature versions of the equipment em- 
ployed by their larger rivals,* but that “the long-run 
viability of the smaller firms is questionable unless the 
smaller firms possess other offsetting competitive ad- 
vantages” (p. 20). Ours is a theory of one such ad- 
vantage. Robert Lucas (1978) and, more recently, Wal- 
ter Oi (1983) have attributed intra-industry firm-size 
heterogeneity to differences in the entrepreneurial ability 
of principals or managerial agents. 

2 There are several technological and institutional rea- 
sons for this tradeoff: cost-minimizing factor combina- 
tions for stationary output may hinder frequent and 
significant output adjustments; when dealing with up- 
stream suppliers firms with stable output levels can 
avoid spot markets and enter into more advantageous 
long-term contracts, or even integrate upstream to secure 
steady and less costly supply; alternatively, they may 
forgo maintaining supply and product inventorizs neces- 
sitated by wide fluctuations; labor costs are likely greater 
for firms with greater employment variability. 
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Another component of the theory is that 
the tradeoff in the space of production tech- 
nologies associates greater flexibility with 
smaller-sized firms. Lower minimum average 
costs are associated with larger-sized firms, 
ceteris paribus. Briefly, small firms rely more 
on variable factors than large firms, and the 
latter enjoy scale economies. Small rivals in 
fluctuation-prone industries ply a flexibility 
advantage and survive by absorbing a dis- 
proportionate share of industrywide output 
fluctuations. Conversely, large firms have 
output levels more stable than their in- 
dustries at large. i 

‘This theory and the technological tradeoff 
that supports it are fully described in the 
next section. The main predictions of the 
theory are that the variability over time of 
sales and employment are inversely related 
to firm size within industries. These predic- 
tions are tested in the following section us- 
ing data on a sample of 856 U.S. manufac- 
turing firms during the period 1970-1980. 
We also present several sensitivity tests to 
control for some alternative interpretations 
of our findings, 


I. Theory 


We begin by assuming that the production 
technologies of firms within competitive in- 
dustries are nontrivially different. This is 
strongly suggested by casual observation and 
is supported by empirical evidence. Consider 
for instance the finding that capital-output 
ratios are positively related to firm size within 
industries.’ Several reasons have been offered 
for this finding. The most prevalent one is 
that large firms are more capital-intensive 
than small firms because they use production 
methods with greater capital requirements to 
achieve technical economies of scale, Another 
is that large firms usually are more vertically 
integrated than small ones. Other things 
equal, firms that are more vertically in- 
tegrated have greater capital requirements 
since they produce intermediate products as 
well as final products. If size varies directly 


3 Barly evidence is surveyed by Hiram Davis (1956). 
Stigler (1963) and Caves-Pugel supply further evidence 
for U.S. manufacturing. 
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with the degree of vertical integration, then 
large firms would be more capital-intensive. 
While this is plausible theoretically, the evi- 
dence suggests that the degree of vertical 
integration is not the major explanatory fac- 
tor.* There are other minor contributing fac- 
tors, but none of them as compelling as the 
“production methods” line of reasoning, 
especially in view of the massive evidence 
that has accumulated in favor of significant 
technical scale economies.° 

For an industry with diverse firms to be 
competitive, meaning here that all firms earn 
only normal returns, it follows that a pattern 
of offsetting cost advantages must be pres- 
ent. Otherwise some rivals—perhaps small 
firms who do not enjoy technical scale econ- 
omies—would be driven from the market. 
One such advantage, we hypothesize, is flexi- 
bility in the face of demand fluctuations. As 
first described by Stigler (1939), flexibility 
refers to those attributes of a production 
technology that accommodate greater output 
variation. Stigler’s discussion of flexibility 
was couched in terms of firms’ cost curves, 
and while he did not define it formally, his 
notion of flexibility seems to be one that 
varies inversely with the curvature of total 
costs. In the context of U-shaped average 
costs, flexibility is greater with flat-bottomed 
average costs and flat or gently inclined 
marginal costs. Flexibility is less when aver- 
age costs rise rapidly around their minimum 
point and have steep marginal costs. Flexi- 
bility supplies an advantage in fluctuation- 
prone industries because it sustains some 
firms who are less static efficient than others. 
Specifically, a competitive equilibrium with 
demand fluctuations can have diverse firms 
coexisting with each other because of a 
tradeoff in the space of production technol- 
ogies between flexibility and the minimum 
level of average costs. 

To see this, suppose firms in an industry 
can choose a production technology from a 


*See Matityahu Marcus (1969). 

See for instance J. Johnston (1960) or F. M. Scherer 
(1980). 

®Thomas Marschak and Richard Nelson (1962), fol- 
lowing Stigler (1939), define flexibility as the reciprocal 
of the second derivative of total costs in a model with 
quadratic costs. 
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set of discrete options i=1,...,J each with 


quadratic total costs 
(1) ¢;(4;) =a, + biqi + 97/27, 


where q; is the level of homogeneous output 
-produced by a type-i firm.” The output level 
where average costs are minimized and the 
minimum level-of average costs for a type-i 
firm are 


(2a) 
(2b) 


qj = (20;7,)'7; 


¢,(q*)/q7 =B: + (2a,/7%)'”. 


Let industrywide demand fluctuate from ` 


market period to market period, and let p-be 


the fluctuating price that equates supply and. 


demand. The endogenous mean and variance 
of p are p andi- op. Suppose all firms can 
set their output levels in each market period 
to equate marginal cost to price. With this, 
their supply curves (for p > £;) are linear: 


(3) qi( Pp) = vip ~ Bi). 


In competitive equilibrium the configuration, 
. of firms must be one where all firms have 

zero expected profits. Let y,( p) be the profit 
of a type-i firm. Using equations © and (3) 
we obtain 


(4) yp)=1P-B)/2~ a; | 


To find an “expression for expected profit, 
expand y; around ñ, using (4): 


¥(p) =7( 7 - By /2- a; 

+ y,(B-B)(p- B)+y(p- B)’/2, 
and take its expectation 
(5) E [»,( p)|] =7;( P-B) /2-a,+-7,02/2. 


For all types of firms included in an equi- 


TIf total costs are not-quadratic, and unless the price 
distribution is normal, equations (3)--(8) and (12) are 
only second-order approximations. This does no vio- 
lence to the tradeoffs described here. 
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librium configuration, E[ y,( p)] must be zero. 
Thus for all included firm types i, equation 
(5) implies that 


(6) (B-B) + 07 = 20,/7,. 


Combining equation (6) with (2b), we get the | 


relation 


(7) eai)/ai Je -AV +o oi] “+B, 


which also’ must hold for all firm types i 


. represented in an equilibrium configuration. 


The degree of flexibility of a .type-i ‘firm 
can be represented by its elasticity of supply 
n; at the price p. This measure captures 
Stigler’s notion that flexibility should be in- 
versely related to the slope of firms’ marginal 
cost curves. Using 1,= q;(P)P/4:(P) and 
equation ©) we have 


(=) © m=P/P-B). 


(Where the denominator must be positive for 
firm types that produce any output at all.) 
The tradeoff between flexibility and mini- 
mum average costs is established by noting 
from (7) and (8) that ` 


(0a) d(c,(a*)/a*) /aB, > 0; 
(9b) ` dn,/aB, = 0. 


If competitive equilibrium supports techno- 
logically heterogenous firms, that is, firms 
with different cost parameters, then more 
fiexible firms have greater minimum average 
costs. 

Flexibility also is related to the capital © 
intensity of. firms’ production technologies. 


® What this establishes is that if technologically het- 
erogeneous firms coexist in a competitive fluctuation- 
prone industry, they exhibit a tradeoff between flexibil- 
ity and static efficiency. A reasonable question to ask is 
whether it is possible even with fluctuating demand that 
firms are homogeneous. Mills (1984) has shown that the 
answer would be yes if the tradeoff between flexibility 
and static efficiency were continuous in the space of 
available technologies. But with a discrete set of options, 
as we have assumed here, continuity is supplied by 
linear combinations of the discrete options; thus het- 
erogeneous firms can be expected to coexist. 
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Greater flexibility is achieved by increased 
reliance on ‘variable factors of production. 
This would imply, ordinarily, that flexible 
technologies have lower capital requirements 
than inflexible technologies since capital is 
intrinsically less variable than labor. In terms 
of costs, greater reliance on capital increases 
fixed costs, so on a per-unit-of-output basis, 
fixed costs should be greater for inflexible 
technologies. This too can be demonstrated 
for the quadratic cost case. Equation (6) 
implies that dB, /d(a;/y;) <0 holds among 
firm types i included in an equilibrium con- 
figuration. Together with inequality (9b) this 
implies that 
(10) dn, /d(a;/y;) <9, 

for all i included. Also, from (2a) fixed costs 
per-unit-of-output, a correlative of capital 
intensity, is 


a;,/q* = (0/27) 


evaluated at q = q;*. From this we have 


(11) d(a,/q*)/d(a,/1) > 0. 


Inequalities (10) and (11) together establish 
that fixed costs per-unit-of-output are in- 
versely related to flexibility among firms with 
heterogenous cost structures. The firm types 
supported by competitive equilibrium exhibit 
a tradeoff between flexibility and capital in- 
tensity. 

The other major part of our hypothesis is 
that, within industries, flexibility varies in- 
versely with firm size. The reason for this is 
that minimum average costs most likely are 
lower for large firms because of technical 
scale economies. It follows that if large firms 
are more static efficient than small ones, the 
comparative advantage of small rivals, given 
the tradeoff above, is flexibility. This hy- 
pothesis goes hand in hand with the em- 
pirical finding mentioned above that capital- 
output ratios are greater for large firms within 
industries. We have just seen that if diverse 
firms are included in a competitive equi- 
librium, the more flexible firms are less capital 
intensive. Large firms, we suggest, utilize rel- 
atively more capital, and more specialized 
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forms of capital, than small competitors. This 
curtails their flexibility by reducing their de- 
pendence on variable factors like labor, and 
increasing their dependence on equipment 
and procedures with low adaptive capability. 
Small firms retain greater flexibility by rely- 
ing more on variable factors.’ 

The hypothesis that small firms choose 
more flexible production technologies while 
their large counterparts choose more capital- 
intensive and static-efficient technologies has 
several empirical implications. One of them 
is that firm size and rate-of-return variability 
vary inversely within industries. This finding 
has been detected repeatedly in cross-sec- 
tional arid longitudinal studies of the U.S. 
manufacturing sector and the manufacturing 
sector of other countries.!° To see that this 
relationship follows from our hypothesis, 
we approximate the variance of profit for a 
type-i firm: 


o; z [»/(p)]*0?. 


By Hotelling’s Lemma, y’(p)=4q,(p), this 
equation becomes 


o; = [a:( P)] "oz. 


Now let the rate of return on assets A, for a 


9Further support for the flexibility-size tradeoff is 
found in control-loss phenomena in large organizations. 
It is widely thought that the problem of coordinating 
related actions by decision makers arranged in a 
hierarchy becomes greater the greater are the number of 
decision makers and the number of levels in the 
hierarchy. (See Scherer or Oliver Williamson, 1967.) 
This means it is easier for small firms with few decision 
makers and simple bureaucracies to adapt quickly to 
changing market conditions, small firms are thus more 
flexible than large ones. 

10See Sidney Alexander (1949) and J. L. McConnell 
(1945) for early evidence from the United States. More 
recent evidence is supplied by Marshall Hall and 
Leonard Weiss (1967), Herman Stekler (1964), Sigler 
(1963), and Daryl Winn (1977). Winn’s study is espe- 
cially interesting because he allows for an independent 
effect of industrial concentration on firms’ variability of 
returns. Evidence from the U.K. is supplied by Alex 
Jacquemin and Wistano Saez (1976), J. M. Samuels and 
David Smyth (1968), and Geoffrey Whittington (1971). 
Jacquemin and Saez also present evidence from Japan 
and the European Economic Community. 
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type-i firm be r, = y,(p)/A;. From this and 
the equation above, it follows immediately 
that the firm’s rate-of-return variance is 


o F [a:(P)/A,]"o2. 


Firms’ rate-of-return variability is inversely 
related to the size of their capital-output 
ratios. Since the latter are correlated with 
firm size, this provides a link to explain why 
rate-of-return variability is inversely related 
to firm size." 

A more interesting implication of intra- 
industry technological diversity for our pur- 
poses has to do with how output fluctuations 
are distributed. From the supply curve (3) of 
a type-i firm we know that 


9i( P)— 4B) =7,( Pp — BP) 


for any price p. This implies that the output 
variance of the firm is o2 = y7o,. Multiply- 
ing both sides of this equation by (p/a py 
and evaluating at p= p yields 


(12) CUa, = N;CVp» 


where cv denotes coefficients of variation. 
Since n; measures flexibility, equation (12) 
predicts that flexible firms’ output varies 


UA number of alternative explanations have been put 
forward for this finding. It has been attributed re- 
peatedly to large firms acquiring earnings stability 
through product diversification, where fluctuations across 
product lines are less than perfectly correlated. With 
this, diversified firms, which are larger, ceteris paribus, 
have less output variation than small specialized rivals. 
A second explanation is that large firms who have 
market power supported by scale economies use it to 
mitigate uncertainty. Thus they pursue strategies that 
reduce both the average level and variability of rates of 
return. Stekler, Scherer, and Caves all cite some form of 
this explanation. Alexander suggested that the whole 
pattern could be due simply to small firms being repre- 
sented in greater frequency in more risky industries. 
This is consistent with E.A.G. Robinson’s (1937) notion 
that volatile and uncertain market conditions limit the 
size of firms. However, most of the evidence gathered 
since Alexander finds an inverse relationship holding 
between firm size and rate-of-return variability within 
specific industries. Thus Alexander’s cannot be the whole 
“story. Winn has demonstrated that profit variability and 
capital intensity are negatively related across firms. 
Clearly this is consistent with the other findings men- 
tioned here, the connecting link being firm size. 
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more than inflexible firms’ in response to 
fluctuating demand. If size and flexibility are 
inversely related as we suggest, this means 
that output fluctuates more, relatively, for 
small firms than large ones. 

The proposition that size and output 
fluctuations vary inversely among firms with- 
in industries is tested in the next section of 
the paper. The test involves the relationship 
between firms’ size and sales variability since 
physical output measures are not comparable 
across industries. Also it considers the vari- 
ability of firms’ sales around estimated trends 
of growth (or decline) to avoid picking up 
growth-related differences in sales variation 
among firms. A second implication of our 
hypothesis has to do with the utilization 
of labor, a factor more variable than capi- 
tal over periods when demand and price 
fluctuate. If small firms are more flexible 
than large ones, their employment levels 
should be more variable. A test of wheth- 
er employment variability (around trends) 
varies inversely with firm size within in- 
dustries also is presented. 


H. Evidence 


Annual data on sales, assets, and employ- 
ment for the period 1970-80 were obtained 
from Standard and Poor’s COMPUSTAT 
industrial file for an initial sample of 1741 
U.S. manufacturing firms. These firms range 
in size from the largest oil refiners and auto- 
mobile manufacturers to enterprises with as- 
sets of less than $1 million. COMPUSTAT 
assigns each firm in the file in a 2, 3, or 
4-digit SIC industry code. The industries rep- 
resented in the sample are not mutually ex- 
clusive; some of the 3- and 4-digit industries 
included are subsets of 2-digit industries also 
included, etc. This identifies firms’ lines of 
business and also reflects in part the extent 
of firms’ diversification. More diversified 
firms are classified in 2- or 3-digit industries 
while less diversified firms are classified in 
4-digit industries. To insure the accuracy of 
firms’ industry classifications, the COMPU- 
STAT industry codes were checked against 
industry classifications found in two other 
sources: the Securities and Exchange Com- 
mission’s Directory of Companies Required to 


VOL. 75 NO. 4 


File Annual Reports (1980) and Dun and 
Bradstreet’s Million Dollar Directory (1981). 
The SEC’s Directory uses a classification 
scheme very close to the 3-digit SIC codes. 
The Million Dollar Directory identifies each 
firm with one or more (up to six) 4-digit SIC 
codes in descending order of importance with 
respect to sales. The COMPUSTAT classifi- 
cations tend to be more disaggregate than 
the SEC’s, but less so than Dun and 
Bradstreet’s. Wherever these three sources 
revealed some ambiguity about the proper 
industry classification for a particular firm, 
the firm was eliminated from the sample (for 
example, conglomerates such as ITT which 
cannot be classified in any single 2-digit in- 
dustry were eliminated as were firms whose 
COMPUSTAT classification did not appear 
near the top of Dun and Bradstreet’s list of 
classifications for the firm). 

Of the original 1741 firms in the sample, 
650 were eliminated either because of an 
industry classification problem or, in the case 
of a few, because the COMPUSTAT file 
includes fewer than 3 firms with a particular 
industry classification. An additional 235 
firms were eliminated on account of insuffi- 
cient annual sales data. ‘The final sample 
contains 856 firms, each identified with one 
of 90 industries. Eight of these are 2-digit 
industries and 41 each are 3- and 4-digit 
industries.!* 

Three variables were constructed for each 
firm from the 1970—80 annual observations 
of sales and (end of year) assets. These are 
the average over the period of “net plant” or 
fixed, tangible assets (denoted F), average 
annual sales (S), and firms’ capital-output 
ratio (F/S), an indicator of average capital 
intensity over the decade. Another firm vari- 
able was constructed using the average value 
of product shipments over 1970-80 for the 
90 relevant 2, 3 and 4-digit industries as 
taken from various issues of the U.S. Census 
Bureau’s Annual Survey of Manufactures. Di- 
viding firms’ sales S by the average level of 
shipments in their respective industries pro- 
vided a measure of their market shares (MS). 


12A complete list of firms and industries is available 
upon request from the authors. 
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Just as S and F are measures of the abso- 
lute size of firms, MS measures relative intra- 
industry size. 

To test the hypothesis that there are sys- 
tematic, firm-size effects in output variability 
among firms in an industry, it was necessary 
to compute a measure of the variability of 
firms’ annual sales. To do this the natural 
logarithms of annual firm sales for 1970-80 
were regressed onto a constant term and a 
linear time trend. Where necessary these re- 
gressions were adjusted for serial correlation. 
The index of firm sales variability (SV) was 
taken as the standard error of these adjusted 


` regressions. Since SV measures sales fluctua- 


tion around a trend, it avoids including the 
effects of systematic growth or decline. Simi- 
larly, an index of industry output fluctuation 
(ISV) was computed by regressing the natu- 
ral logarithms of industries’ product ship- 
ments onto a constant and a time trend with 
adjustments for serial correlation. 

Equation (1.1) in Table 1 shows the results 
of the OLS regression of the natural loga- 
rithm of SV onto a constant term and the 
natural logarithms of MS, F/S, and ISV.¥ 
(All the regressions reported in Tables 1 and 
2 are OLS and use the natural logarithms of 
all variables.) As one might expect, firm sales 
variability is positively related to industry 
sales variability. On the other hand, firm 
sales variability is negatively related to capital 
intensity.!* Since equation (12) indicates sales 


13Since firms’ sales and assets and industries’ ship- 
ments are all reported in nominal terms, another equa- 
tion was estimated based on inflation-adjusted values. 
Adjustments to firms’ sales and industries’ shipments 
were made using (unpublished) GNP price deflators 
computed and distributed by the Bureau of Economic 
Analysis for the relevant 2, 3, and 4-digit industries. 
Adjustments to firms’ assets were made using the GNP 
price deflator for producers’ durable equipment. The 
obvious advantage of using deflated data is that they 
remove that component of fluctuations due only to 
uneven secular price escalation. But since the deflators 
used are fairly aggregate estimates of the true adjust- 
ments needed for each firm and industry, using them 
may inject new distortions into the unadjusted data. In 
any case the inflation-adjusted version of the equation 
did not differ appreciably from the one reported. 

14 This result was repeated when F, the average “net 
plant” or fixed assets (end of year) over 1970-80, was 
replaced with the average of total assets (end of year) 
over 1970-80. 
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TABLE 1— DEPENDENT VARIABLE: SV 





Equation? Constant MS F/S . ISV © D R? 

(1.1) —3.459 —0.292 —0.115 0.460 0.271 

. [856] (—14.95) (—12.41) (—1.84) (12.61) 

(1.2) — 3.361 — 0.285 —0.114 0.457 — 0.062 0.272 
[856] (12.99) (-11.21) (-1.82) (12.46) ` (—0.84) 

(1.3) CR < 75 —3.493 —0.299 `“ 0.130 0.463 0.274 
[830] (14.59) (—12.23) - (—2,04) (12.41) 

(1.4) CR < 60 —3.340 — 0.296 —0.129 -0.483 0.279 
[742] (—12.83) (—11.45) (—1.94) - (11.95) 

(1.5) CR < 50 —3.210 =0.327 —0.114 0.527 0.303 
[629] (-11.73) (-11.13) (—1.55), (12.28) l 
(1.6) CR < 40 —2.930 —0.325 —0.011 0.542 0.326 

[525] (—10.19) (— 10.38) (—0.13) (12.18) 
(1.7) CR < 30 —2.750 —0.297 —0.049 0.569. 0.328 
[385] (—8.77) (-8.31) (—0.58) (11.01) 


*Sample size shown in square brackets; CR = concentration ratios. 


variability is greater for firms with greater 
flexibility, the negative relationship between 
SV and F/S supports our hypothesis that 
coexisting production. technologies trade off 
scale economies and fixed’costs for flexibility 
.and variable costs. The most important rela- 
tionship reported in equation (1.1) in Table 1 
is that market share has a negative effect on 
sales variability. This means that larger firms 
within industries have less output fluctuation 
than their smaller rivals, and by equation 
(12), that flexibility and firm size are in- 


versely related as predicted.'516 


15 Equation (1.1) in Table 1 establishes that MS has a 
negative effect on SV, that a firm’s relative size is 
inversely related to sales fluctuation. Similar equations 
were tried using, alternatively, S and total assets as 
measures of absolute firm size. The results were not 
notably different than here other than diminishing the 
significance of the negative effect of F/S on SV. The 
most relevant equation is the one reported since our 
focus is on how fluctuations are distributed within in- 
dustries. : 

16Along with the equations reported in Table 1 using 


period-average measures of sales, market shares, assets _ 


and other independent variables, similar equations were 
estimated using all 11 of the serial observations of these 
variables. Our dependent variable in these equations was 
the normalized absolute deviation (NAD) of firm sales: 


NAD, =| Sa- Si |/Su, t=1,...11; 


where the $ variables are the fitted values of firm sales 
produced by the first set of regressions described in the 
text. An industry-specific version of NAD was used as 


industries.? 


While equation (1.1) in Table 1 supports 
the. theory outlined: earlier, there are two 
other possible explanations for the observed 
inverse relationship between firm size and 
sales variability. One of these has to do 
with product diversification. Unless demand 
fluctuations across product lines are perfectly 
correlated, which. seems unlikely, diversified 
firms should experience more stable sales 
and output levels than. specialized firms, 
ceteris paribus. Further, since large firms tend 
to be more diversified than small ones, an 
inverse relationship between size and sales 
variability may be attributed partially to 
differences in the degree of product diversifi- 
cation. Part of these. differences—especially 
interindustry -differences—are captured by 
the ISV variable since, presumably, firms 
grouped in aggregate 2-digit industries are 
more diversified than those grouped in 4-digit 
7 But to control more fully for 


an independent variable. The results of these regressions 
were consistent with those reported. Specifically the 
signs and high significance levels of all the independent 
variables were the same, The R?s, s, however, were, much 
lower, typically less than 0.1. 

17To ‘illustrate that ISV captures part of the effect of 
diversification, consider how ISV for each of the 8 
2-digit industries included in the study compares to’ the 
weighted (by average product shipments) average of 
ISV for each of the 4-digit industries they encompass: 
that also are included in the study. The weighted aver- 
ages (WA) are notably larger as would be expected if 
ISV for the 2-digit industries (denoted below as 2-DF) 
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Equation? 


(2.3) CR<75 
[667] 

(2.4) CR < 60 
[593] . 

(2.5) CR < 50 
[491] 

(2.6) CR < 40 
[405] 

(2.7) CR < 30 


Constant MS F/S ISV D R? 

— 4.965 ~0.261 — 0.482 0.304 0.203 
(-17.20) (~8.81) (~6.07) (6.67) a 

— 4.820 —0.250 — 0.481 0.300 — 0.088 0.204 
(-14.78) (-7.712) (~ 6.06) (6.55) (—0.92) 

— 4.997 —0.263 —0.504 ` 0.305 0.203 
(—16.68) (8.51) (6.21) (6.56) 

— 4.890 ` —0.256 —0.495 0.312 0.194" 
(—14.63) (-7.78) . (-5.75) (6.03) 

— 4.936 . -0.276 —0.509 0.330 0.190 
(-13.76) (-7.12) (—5.06) (5.83) 

— 5.069 —0.292 —0.370 0.284 : -0.179 
(—13.30) (— 6.88) (—3.33) (4.76) 

—5.110 —0.299 — 0.396 0.289 0.186 
(—11.91) (—6.00) (~3.20) (3.96) 
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- TABLE 2— DEPENDENT VARIABLE: EV 
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[296] 


*See Table 1. 


diversification differences, another explana- 
tory variable was included. Variable (D) in 
equation (1.2) of Table 1.is the number 
(1,2,...,6) of 4-digit industries included in 
the list of each firm in Dun and Bradstreet’s 
Million Dollar Directory (1981), except for 
D = 6 which means the number of industries 
is at least six. The estimated coefficient for D 
is negative,.as expected, but it is clearly 
statistically insignificant. We do not take this 
to mean that diversification has no effect on 
sales variability. Instead we believe that the 


combined effect of including the variable - 


ISV in the estimated equations and remov- 
ing conspicuously diversified firms from our 
sample substantially reduces the observed di- 
versification effect. We attribute the remain- 
ing strong inverse relationship between SV 
and MS to our hypothesis. . 

A ‘second alternative explanation for our 
‘main result might be that large firms within 


industries— those with greater market shares 





reflects greater product diversification. - 4 

2-DI ISV WA ISV 

2000 .0026 .0077 ` 

2200 .0078 .0123 

2300 .0061 .0097 

2400 . .0092 .0114 

2600 .0062 .0220 

2800 0071 .0108 

3000 .0117 .0141 

3600 .0121 .0153 


—have market power supported by scale 
economies or other. “mobility barriers,” and 
that these firms seek.to take part of their 
profits in'the form of avoiding uncertainty. 
Since market shares often are taken to mea- 
sure market power, this line of reasoning also 
would imply an inverse relationship between 
SV and MS. Equations (1.3)~(1.7) in Table 
1 were estimated to ascertain the importance 
of market-power considerations. While firms’ 
relative market share might be an index of 


market power in highly concentrated in- 


dustries, it is less likely to be so in less 
concentrated’ industries. In ‘industries with 
low degrees of concentration, the ability- of 
firms to exert market power is limited so that 
differences in market share should not imply 
significant differences in market power. 

To test whether the market share effect-in 
equation (1.1) is a market-power effect, five 
subsamples of the original 856 firm sample 
were created. The first subsample contains 
firms in industries with 4-firm ‘concen- 
tration ratios of 75 percent or less; the sec- 
ond subsample contains firms in industries 
with 4-firm concentration ratios of 60 per- 
cent: or less; the remaining 3 subsamples 
contain firms in industries with 4-firm con- 
centration ratios of at most 50, 40, and 30 


_18As mentioned earlier in fn. 11, this line of reasoning 
as well as the diversification effect have been offered for 
the inverse relationship that exists between rate-of-return 
variability and firm size. 
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percent, respectively. If the inverse relation- 
ship between SV and MS were capturing 
merely the effect of market power, then its 
strength should diminish for successively 
truncated subsamples. Clearly this does not 
happen; on the contrary the coefficients on 
MS remain negative arid highly significant as 
the subsamples get smaller and less con- 
centrated. Also, the R? statistics actually in- 
crease as industrial concentration falls. The 
robustness of the inverse relationship be- 
tween SV and MS in even the 30 percent 
4-firm concentration ratio subsample surely 
suggests that the market share effect is not 
due primarily to market power. We believe it 
supports our hypothesis that small, flexible 
rivals absorb a disaproportionate share of 
industrywide fluctuations. 

The other testable implication of our the- 
ory mentioned above has to do with the 
utilization of labor. If small firms are more 
flexible than large ones, their use of labor, an 
input more variable than capital, should 
fluctuate more. Thus employment. variability 
like sales variability should vary inversely 
with firm size.’° To test this, a measure of 
firms’ employment variability was computed. 
The natural logarithms of firm’s annual em- 
ployment levels were regressed onto a con- 
stant and a linear time trend, and adjust- 
ments for serial correlations were made. Then 
the standard error of these adjusted regres- 
sions was used as the measure of employ- 
ment variability, EV. Since employment data 
for the period was not always available for 
firms in our sample of 856, the sample was 
reduced to 688 firms. Table 2 reports regres- 
sions analogous to all those found in Table 1 
with EV replacing SV as the dependent 
variable. The results are quite similar al- 
though the Rs are lower. The expected in- 
verse relationship between EV and MS is 
quite strong, and making the previous ad- 
justments for diversification and market- 
power considerations leaves it intact. 


19This expectation is linked to another, that firm size 
and capital-labor ratios are positively associated. Using 
F as a measure of capital and E, average employment 
over 1970-80, as a measure of labor, MS and F/E 
have a correlation coefficient of .10 for our sample of 
688 firms with a complete employment time-series. 
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TH. Conclusion 


The evidence presented here supports our 
theory of how output fluctuations are dis- 
tributed among firms within industries. This 
theory holds that small firms are able to 
compete successfully with large, more static- 
efficient producers by absorbing a dispro- 
portionate share of industrywide output 
fluctuations. This is possible because small 
firms use production technologies that are 
more flexible than those chosen by large 
firms. Large rivals own the comparative ad- 
vantage of lower minimum average costs, 
due largely to scale economies, while small 
competitors have an offsetting advantage in 
their superior responsiveness to cyclical or 
random swings in demand. It is noteworthy 
that this theory of industrywide structure 
with demand fluctuations is a generalized 
competitive equilibrium. The fact that fluc- 
tuations are not distributed equally or 
equiproportionately, and even the fact that 
small rivals absorb a disproportionate share, 
is perfectly compatible with competition. Our 
sensitivity tests fail to convince us that the 
observed pattern is better explained by 
market-power effects. 

Insofar as this theory of industry structure 
is accurate and improves our understanding 
of observed intra-industry firm differences, it 
has implications for the interpretive useful- 
ness of the structural variables that usually 
interest industrial organization economists. 
“Average” indicators of size, market share, 
etc. provide an incomplete picture of intra- 
industry differences in markets with signifi- 
cant demand fluctuations. In these markets 
especially it is important to consider special- 
ized roles of technologically diverse firms. 
The shock-absorption role played collectively 
by smaller rivals is of special interest since it 
diminishes price fluctuations by increasing 
the elasticity of industries’ supply response 
to fluctuating demand. A fluctuation-prone 
industry with only static-efficient firms would 
transmit greater price variability to buyers. 
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Modeling the Formation of Price Expectations: 
A Bayesian Approach 


By JOHN Caskry* 


Twice a year since 1947, Joseph Living- 
ston, a financial columnist in Philadelphia, 
has recorded the inflation forecasts of profes- 
sional economists.. The surveyed economists 
generally underpredicted inflation from 1968 
through 1979. This paper provides an em- 
pirical model’ of the formation of these 
economists’ price expectations. The esti- 
mated model indicates that a convincing ex- 
planation for the Livingston inflation fore- 
cast series is that the economists had prior 
beliefs about the inflation process that they 
modified as they experienced the higher and 
more volatile inflation of the 1970’s. This 
explanation is particularly appealing since it 
does not rely on statistically irrational behav- 
ior on the part of the forecasters. 

A popular competing explanation for the 
underprediction of inflation during the 1970’s 
argues that the Livingston forecasters either 
ignored available relevant information or 
processed that information poorly.! Many 

-have noted that the Livingston survey par- 
ticipants had no monetary incentive to pro- 
vide the best forecast possible. 

While one cannot dismiss this alternative 
explanation, there are good grounds for seek- 
ing theories that do not rely upon either 
insufficient information sets or upon poor 
processing of available data. For example, 
commercial forecasters, with a monetary in- 
centive to provide accurate forecasts and with 
large data banks, did not forecast signifi- 
‘cantly better than did the Livingston group. 
A comparison ‘between the Livingston eight- 


* Washington University, St. Louis, MO 63130. This 
paper was taken from research done for my dissertation 
at.Stanford University. I am grateful for the advice that 
I received from the members of my dissertation commit- 
tee: Robert E. Hall, Ben Bernanke, and Tom MaCurdy; 
as well as from a former fellow student, Tom Mroz. 
Many other people also improved this paper through 
their comments. I am particularly indebted to Don Cox, 
Paul Evans, Ed Greenberg, and two anonymous referees. 

. 1 For one example, see Douglas Pearce (1979). ` 
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“month-ahead inflation forecasts and the 


comparable CPI inflation predictions of Data 
Resources, Incorporated (DRI) from 1973 to. 
April, 1982 indicates the DRI’s forecasts were 
no better than the mean forecast of the 
Livingston panel.? The mean absolute error 
of the DRI forecast was 3.22 percent while 
the mean absolute error of the Livingston 
forecasts was 3.2 percent. The DRI forecasts, 
the mean Livingston forecasts, and the actual 


2Jean Slamen, of the Federal Reserve Bank of Phila- 
delphia, provided me with the Livingston data as well as 
with details on the methodology of the survey. In every 
survey, Livingston requests a forecast of the 6-month 
and 12-month-ahead CPI levels of a June or December 
starting date. On average, about 50 economists par- 
ticipate in each survey. They have diverse affiliations: 
the nonfinancial business sector, academic posts, finan- 
cial institutions, and the Federal Reserve System. 
Livingston obtains a forecast by mailing the participants 
a one-page questionaire the month before the publica- 
tion date. He publishes the survey results in. June and 
December of each year. The questionaire includes the 
most current data available on the forecasts variables. In 
the case of the December publication of the'CPI fore- 
cast, this is usually the September data but is sometimes 
the October data. John Carlson (1977) concludes that 
the participants base the forecasts on information that 
would be available one month before publication, i.e., in 
April or October. Before publication, Livingston some- 
times adjusts the forecasts to take account of new 
information that has-become available and that he thinks 
would have altered the forecasts of the participants. 
Rather than try to make similar adjustments,or to use 
Livingston’s published forecasts, I follow Carlson in 
working with the unadjusted forecasts and in treating 
them as'8 and 14-month forecasts. 

` My source of the DRI data is past issues of The Data 
Resources Review of the U.S. Economy, published from 
1972 to the-present. I am grateful to Katherine Kush of - 
DRI for providing me with a number of these forecasts. 
Each issue of this monthly publication includes forecasts’ 
of. the annual rates of change in the CPI for each 
quarter of the next year to year and a half. The DRI 
forecast that I used for comparison with the Livingston 
data. was the forecast made at the end of April or 
October for the third and fourth quarters of the year, or 
first and second quarters of the next year, respectively. 
From these quarterly forecasts, I calculated the implicit 
8-month DRI inflation forecast. 
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FIGURE 1. LIVINGSTON AND DRI FORECASTS 


inflation rate are graphed in Figure 1. The 
similarity between the Livingston forecasts 
and those of DRI are remarkable. Since DRI 
is in the business of selling its forecasts, it 
has an obvious incentive to provide accurate 
forecasts. Furthermore, it had access to rele- 
vant data when making its forecasts. More- 
over, these comparative observations about 
DRI’s forecasts would apply equally well to 
the forecasts of the other major commercial 
forecasting establishments. Stephen McNees 
(1975; 1979; 1981) has done extensive com- 
parisons of the performances of these fore- 
casting services and has found that they all 
have similar records. 

The model in this paper assumes that the 
Livingston forecasters processed new infor- 
mation in a statistically optimal manner given 
their beliefs about the inflation process. The 
statistical model is Bayesian since it repre- 
sents the forecasters’ subjective learning. 
Since I assume that the Livingston forecasts 
are the outcome of a specified forecasting 
and coefficient updating procedure, the miss- 
ing element is the starting beliefs of the 
forecasters which would generate the ob- 
served series. I estimate the parameters of 
the Livingston economists’ prior beliefs with 
maximum likelihood techniques.? 


3This approach differs substantially. from previous 
empirical studies of the formation of price expectations. 
I attempt to explain why the Livingston group forecast 
as it did. Previous research has focused on how the 
forecasts relate to other economic variables. Thus, while 
I explicitly model a learning and forecasting process, 
other researchers regress the Livingston price forecasts 
on variables that might influence price expectations. The 
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The results from this approach are very 
encouraging. I find that a credible set of 
1958 prior beliefs about the inflation process 
combined with a Bayesian updating proce- 
dure accounts quite well for the Livingston 
forecasts. Moreover, the evolution of the 
coefficients over time agrees reasonably well 
with conventional ideas on the development 
of economists’ beliefs about the determinants 
of inflation. For example, the estimated 
model indicates that the Livingston econo- 
mists placed much more weight on recent 
inflation and monetary growth rates in pre- 
dicting inflation at the close of the 1970’s 
than they did in the early 1960’s. 


I. A Bayesian Learning Model of the 
Formation of Price Expectations 


Before presenting a formal model of the 
formation of price expectations, it is helpful 
to first consider an informal description of 
the process. If asked to forecast the inflation 
rate in the United States over the next six 
months to a year, a group of economists 
might engage in the following thought pro- 
cess. From experience, reported research 
findings, and conventional wisdom, they be- 
lieve that there is a set of variables, say, 
current inflation, monetary growth, fiscal 
policy, and aggregate demand that are good 
indicators of future inflation rates. They ob- 
tain information on the selected set of vari- 
ables and on past correlations between these 
variables and subsequent inflation rates. The 
economists also ask themselves whether these 
observed past correlations should hold for 


“estimated coefficients are then taken to identify the 


variables that the Livingston group used in forecasting 
prices and to indicate how much weight they placed on 
the variables. For example, see the papers by Stephen 
Turnovsky (1970), Jacob Frenkel (1975), K. Holden and 
D. A. Peel (1977), Kajal Lahari (1977), Rodney Jacobs 
and Robert Jones (1980), Donald Mullineaux (1980), 
David Resler (1980), Stephen Figlewski and Paul 
Wachtel (1981), and Edward Gramlich (1983), My com- 
ments on the methodology of this research must be 
qualified for three of these papers: Jacobs-Jones focus 
on the effect of changes in the price level, in the inflation 
rate, and in the acceleration of inflation; Mulli- 
neaux permits the coefficients to vary over time; and 
Figlewski-Wachtel obtain cross-sectional estimates over 
time. 
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the future. They might believe that the re- 
lationship between the selected variables and 
subsequent inflation rates has changed at a 
constant rate over time. If so, they give more 
weight to more recent correlations. They 
might think that sudden new economic poli- 
cies, such as the imposition of sharp binding 
price controls, mean that old relationships 
contain no information relevant to future 
ones. In this case, they forecast on the basis 
of a best guess about future inflation without 
the benefit of observing correlations under 
this changed economic system. In all cases, 
the forecasters will not be bound by their 
initial beliefs. Rather, as they gain more ex- 
perience with the economy, they may change 
their ideas about time-series relationships. 

An. outside observer trying to model the 
formation of expectations over time must 
then capture the major elements of above 
process. The Bayesian model in this paper 
takes an important step in that direction. It 
explicitly recognizes that the economists be- 
gan forecasting with’ specific prior beliefs 
about the inflation process. It also permits 
the forecasters to learn over time and to 
modify their initial beliefs. In this implemen- 
tation of the Bayesian learning mode, how- 
ever, I impose an important restriction. I 
assume that the forecasters believed the re- 
lationship between the variables in the infor- 
mation set and subsequent inflation rates to 
` be stable over the relevant period. While the 
validity of this assumption may be chal- 
lenged, it is nevertheless worthwhile to begin 
with this restricted model and to see how 
well it can ae the observed price expec- 
tations on its own.* 


44 completely general model with unrestricted 
parameter variation cannot be estimated. One could, 
however, Somewhat relax the’ stability assumption. In 
my dissertation, I modify the model presented’ here in 
order to permit one abrupt change in the Livingston 
group’s prior as a consequence of new information from 
outside of the information set. I used this modified 
model in a study of the impact on the group’s price 
expectations of the Fed’s October 1979 announcement. 
However, with semiannual price forecast observations 
and with an event so near the end of the sample period, 
it was necessary to impose severe and probably distort- 
ing restrictions on the parameters in order to obtain 
enough degrees of freedom to estimate them. Alterna- 
tively, one could permit a smooth discounting of the 
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The Bayesian model of the formation of 
Livingston price expectations has four ele- 
ments: the inflation process in which the 
group believed, the group’s prior beliefs about 
the parameters of that process, the statistical 


. tule that the group used in updating its 


beliefs about the coefficients, and the group’s 
forecasting rule. In this section, these ele- 
ments are specified. In the next section, from 
the observed Livingston forecasts and based 
on an assumed information set, I estimate 
the parameters of the Livingston group’s 
prior beliefs about the coefficients in the 
inflation process. 

The model of the formation of price ex- 
pectations assumes that the Livingston group 
believed that the one-period-ahead inflation 
rate had the time-series representation 


(1) y= 


where y is the actual inflation rate, X is the 
k element row vector of observations on the 
right-hand side variables which includes 
lagged dependent variables, and e is the 
disturbance term. The yy is assumed to be 
fixed. The time subscript, ¢ —1, indicates that 
these. are variables that could have been 
known in the earlier period. Thus X,_, could 
also include variables from two periods be- 
fore or more. 

A multivariate normal distribution for the 
coefficients in equation (1) represents the 
initial beliefs of the Livingston forecasters 
about the inflation process. It is convenient 
to write the prior distribution for B as 


X,,Bt+e, e~ N(0,07) 


(2): B ~ N(B, 0°V3'), 


and o7¥1=Q7!. In what follows, Vg ' 

referred to as the prior covariance matrix, 
although it should be remembered that it is 
actually merely proportional to the true co- 


information content of old data. One cannot, however, 
estimate both this rate of discount as well as the prior 
covariance matrix for the parameter B without i imposing 
arbitrary restrictions. 

5The presence of lagged dependent variables in the 
information set justifies serial independence. One could, 
however, estimate the model with a serially correlated 
error term, though this would add several parameters. 
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variance matrix, Q~}. The B, is the Living- 
ston group’s prior beliefs about the value 
of B. The matrix V>* is a measure of their 
uncertainty in their prior beliefs relative 
to o^. 

I assume that the Livingston group fore- 
cast inflation on the basis of their evolving 
beliefs about B. The Kalman filter, which in 
its usual formulations assumes o is known, is 
the recursive statistical rule that represents 
the updating of beliefs about B. As Richard 
Meinhold and Nozer Singpurwalla (1983) 
and others have explained, if ø is known, the 
Kalman filter is a convenient method for 
obtaining the parameters of the normally 
distributed posterior distribution on B con- 
ditional on new y and X observations. 

As is shown generally in Arnold Zellner 
(1971) (or, for this specific case, in my disser- 
tation), although o is not known, one can 
employ the Kalman filter to ‘represent the 
Livingston group’s updating of their beliefs 
about B. If o is unknown, one models a 
Bayesian learning rule by specifying a prior 
distribution for o and deriving a joint poste- 
rior distribution for B and o conditional on 
the new y and X observations. Assuming 
that o has an inverted gamma distribution, 
the marginal posterior distribution for B will 
be multivariate t-statistic. The mean, B,,, of 
this posterior distribution represents the 
Livingston group’s new beliefs about B. This 
mean is equal to the mean of the normal 
distribution on B conditional on a known o. 

Each period the Livingston group obtains 
new. information on inflation and on other 
variables in its information set. They use this 
new information to update their beliefs about 
B according to the three recursive equations 
of the Kalman filter: 


(3) =È, 
(4) P=- Kx, PA 
(5) K,= o VX) 

x [ X,_.0° V2. X/_, +07] 7? 


ae , or ‘ =a 
= VAX Ba ey ca + 1] , 
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where Ê,_, and Î_, are the Livingston 
group’s beliefs in period t—1 about B anda 
measure of its uncertainty relative to at, The 
B is a k element column vector. The V is a 
k x k. matrix and K is the k element column 
vector known as the Kalman gain. 

Assuming that the Livingston group has 
a quadratic loss function, its inflation fore- 
cast is 


(6) YP 7 X,B,. 


One observes the Livingston predictions, 
yp. If it is assumed that the predictions are 
the outcome of the Bayesian coefficient up- 
dating procedure specified in equations (3)— 
(5), the only missing elements behind the 
formation of the group’s expectations are the 
group’s information set, X, and the group’s 
Starting beliefs about B. If one makes rea- 
sonable assumptions about the components 
of X, one can then estimate the starting 
beliefs of the Livingston group about the 
inflation process.® 

In empirically implementing this model of 
the formation of the Livingston group’s price 
expectations, the individual’s thought pro- 
cesses cannot, of course, be fully replicated. 
First, I will likely omit some of the minor 
variables used in their forecasting process. 
Second, I estimate the model using the re- 
vised data that is now available, not the data 
that was available to the Livingston panel at 
the time of each forecast. Third, the model 
assumes that the Livingston group believed 
B in equation (1) to be constant. In sum, 
these factors introduce an error term inte the 
equality between the observed Livingston 
forecasts and the forecasts that my repli- 
cation of their expectation process produces. 


As discussed in my dissertation, one cannot estimate 
the parameters of a prior distribution on g since one 
does not observe the variance of the distribution on the 
y forecasts. One could, however, hypothesize that the 
variance across the survey respondents in each period 
bears a particular relation to the variance on the pos- 
terior distribution of y, where y, is distributed 
N(X,_1 B41, X/V X, + w?). Unfortunately, it is 
unclear what the particular relation would be. Moreover, 
such an approach is philosophically at odds with my 
implicit treatment of the Livingston forecasters as a 
homogeneous group. 
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Therefore, I rewrite (6) as 


(7) y= yp, tu, u~ N(0,0,), 
where yl is the observed Livingston inflation 
forecast. The error term is assumed to be 
normally distributed and serially uncorre- 
lated: we expect that the impact of omitted 
elements would be roughly constant over 
time, and the imperfect modeling introduces 
no clear bias into the error. 

The estimation procedure seeks the By and 
Vz ` that maximize the likelihood of the 
log-likelihood function based on (7), which is 


(8) LogL=(-— n/2)log( 02) 
—(1/202)(y!— ypy (yl— yp) +constant. 


With four variables in X, however, this in- 
volves estimating fifteen parameters. Conse- 
quently, to gain a few additional degrees of 
freedom without unduly restricting the mod- 
el, I assume that the precision matrix, Vp, 
can be parameterized by a one-factor scheme. 
That is, I rewrite the symmetric precision 
matrix V% in the following manner: 


Va Vi Vis Via 


Vi, Vo TV 
Va 
| where T= (fo ho fy fa) 
dı 
and è D= dz d, 
d, 


‘The restriction permits a full covariance ma- 
trix, yet reduces the number of parameters in 
the model by two.” With four right-hand side 


7This restriction is particularly important when I 
estimate the model with 5 right-hand side variables. In 
this case it reduces the number of parameters from 21 to 
16. With 48 observations this reduction can be im- 
portant. Moreover, the restriction is minimal in that it 
still permits each element of the covariance matrix to be 
different. 
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variables composing X, there are thirteen 
parameters to estimate: the four prior means, 
the four elements of the diagonal matrix, the 


four factor loadings, and the variance oż. 


IL. Estimates of the Parameters of the Model 


In estimating the model, I assume that 
the Livingston panel bases its prediction of 
the eight-month-ahead annual inflation rate 
on the following information set: a constant, 
the past ten-month’s annual inflation rate 
(INFL), the annual rate of change in the 
past six-month money stock (DMIL), and 
the past quarter’s federal budget surplus as a 
percentage of GNP (SURL).8 I also experi- 
mented with several alternative specifications 
of the information set. I replaced the fourth 
variable, SURL, with the full-employment 
federal budget surplus as a percentage of 
potential GNP (FSURL) and with the un- 
employment rate (UNL). I also estimated the 
model with five variables in the information 
set: the original four along with the unem- 
ployment rate. 

I might summarize the estimation tech- 
nique by stating that the maximum likeli- 
hood procedure chooses values for the 
parameters of the Livingston group’s prior 
distribution on B such that, when this prior 
is updated each period by the Kalman filter 
and used to forecast, the forecast series re- 
sembles the Livingston series. 

I estimate the model using data from 1959 
through 1982. Thus, the estimated parame- 
ters are for the prior distribution that the 
Livingston group placed on B in the second 
half of 1958. This prior distribution repre- 
sents the starting beliefs of the Livingston 
panel as to the time-series relationship be- 
tween the four selected right-hand side vari- 
ables and the future inflation rate. Since 
the model specifies the manner in which the 
forecasters would update their beliefs, the 
estimates tell us both their starting beliefs 
and the evolution of those beliefs over 
time. As the forecasters obtain additional ob- 
servations on the inflation process, they 
“learn,” or, equivalently, update their beliefs 
about B. 


8See the Appendix for details on the variables. 
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TABLE 1—ESTIMATES OF THE BAYESIAN LEARNING MODEL:1958:2 


Constant 

Prior Means® 0.283 

(.042) 
Prior Covariance Matrix” 
Constant 312 
INFL 
DMIL 
FSURL 
Error Variance Estimate — o2 075 


Likelihood Function Value — 38.15 


INFL 

0.093 

(0086) 
00277 


(.0022) 





Alternative Specifications of the Information Set 


Prior Means  ~ } 876 
(.083) 
Likelihood Function Value — 26.73 
Prior Means 33 
` i ~ (.185) 
-Likelihood Function Value — 27.96 : 
Prior Means , 92! 
(18) 


Likelihood Function Value — 39.40 


(.0093) 
(0127) 


(016) 


DMIL SURL FSURL UNL 
-0.17 -0.572 
(019) (067) 
00005 0413 — 0132 
— 00006 000018 
00702 - 0144 
169 
135 —,092 = 37 
(0275) (073) 
2 -10 — 028 
(0148) (035) 
.052 --~116 49 —.105 
(028) (1.89) (17) 


pStandard errors of the estimates are shown in parentheses. 
>This covariance matrix is constructed from the estimated factor loadings and the elements of the diagonal matrix: 
fy —541 (42.5); fa 20.8 (19.6); f3 384.4 (300. 6); fa — 40.3 - 9); dy 2.34 (0.47); dy 350.1 (11.1); d3 42.3 a 6); d4 


4209) 


Employing a program for estimating the 
parameters of nonlinear equations, I ob- 
tained the maximum likelihood estimates 
presented in Table 1. The. estimated prior 
means are those that the Livingston group 
placed on the coefficients of the reduced-form 
infiation model (1) in laté 1958. The prior 
covariance matrix is estimated up to an un- 
known scale term o?, and indicates the rela- 
tive confidence that the forecasters had in 
their beliefs about the respective coefficients 
and in their beliefs about the interaction 
among these coefficients. Finally, the stan- 
dard errors indicate the econometrician’s un- 
certainty about the estimates and are unre- 
lated to the Livingston panel’s beliefs. 

How should one interpret these estimates? 
The estimated prior mean for the coefficient 
on INFL indicates that, had the inflation 
rate previous to the 1959:1 Livingston fore- 
cast been 1.14 percent instead of the actual 
0.14 percent, the group would have increased 
its inflation forecast from 0.61 to 0.62 per- 
cent. In other words, prior to seeing the 1959 


data, the Livingston panel thought that 


changes in the previous period’s inflation 


rate contained little information relevant to 
the next period’s inflation rate. 

The estimated prior mean for. the coeffi- 
cient on the rate of change in the money 
stock indicates that, had M1 grown at 1.72 
percent a year in late 1958 instead of the 
actual 0.72 percent growth rate, the Living- 
ston panel would have reduced its 1959:1 


. inflation forecast from 0.61 to 0.44 percent. 


Moreover, the negative sign on this coeffi- 


‘cient remained when SURL was replaced | 


with unemployment, UNL, or the full-em- 
ployment deficit measure, FSURL. How- 
ever, in both of these cases the estimated 
prior mean. increased from —.17 to about 
—.10. Although most economists today 
would place a positive coefficient on DMIL, 
there is evidence that these estimates of the 
beliefs of economists in 1959 may be rea- 
sonable. Benjamin Klein (1975, 1978), for 
example, has argued that the United States 
was at that time on an unofficial gold stan- 
dard. Thus, money supply increases’ were 
likely to be reversed in later periods and did 
not signal a relaxed monetary policy. Never- 
theless, while a zero coefficient would net be 
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surprising for forecastérs of 1959, a negative 
one is surprising. 


Finally, the prior coefficient on SURL in- 


dicates that, had this measure of the budget 
surplus as a percentage of GNP been 1.6 
percent instead of the actual .6 percent in the 
third quarter of 1958, the Livingston group 
would have changed their inflation forecast 
from .61 to .04 percent. Thus, the panel of 
1959 believed that changes in this variable 
contained substantial information about the 
next period’s inflation rate. This finding sup- 
ports the general notion that economists in 
1959 placed much weight on fiscal policy as 
‘a determinant of aggregate demand and, 
consequently, of inflation. Further support 
for this interpretation lies in the estimated 
prior mean of —.37 if SURL is replaced by 
FSURL, the full-employment surplus as a 
percentage of potential GNP. Similarly, when 
-the model was reestimated with a fifth right- 
hand side variable, unemployment (UNL); 
the estimated prior mean on SURL was 
— .48, indicating that the finding is fairly 
robust, even: after controlling for the state of 
aggregate demand. 

The estimates of the 1958:2 prior covari- 
ance matrix shown in Table 1 reveal the 
relative confidence that the Livingston group 
placed.in their beliefs about the value of the 
coefficients. Since o? is unknown, the ab- 
solute size of the estimated coefficients is 
indeterminate.? The relatively loose prior 
variance on the constant suggests the panel’s 
willingness to quickly revise their beliefs 
about the value of this coefficient. To a lesser 
extent, the same holds true for the coefficient 
on the federal budget surplus. The prior vari- 
ances on ‘the other two variables are of about 
the same magnitude and are much tighter 
than that on the'constant or on the SURL 
coefficient, Thus, the panel would be much 
slower to revise its beliefs about these coeffi- 
cients ‘in the face of data that indicates a 
different time-series relationship’ between 

- these variables and future inflation. 


One possible estimate of a ball park figure for the 
panel’s 1958:2 ø? is obtained by regressing Yı On Xi 
from 1953:1 o 1958:1 and using {he residuals to 


construct a 67, This approach yields a &? of approxi- 
mately 0.4. Py 


r 
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FIGURE 2. EVOLUTION OF THE COEFFICIENTS 


The strength of the Bayesian learning ap- 
proach lies not only in-its ability to estimate 
the starting beliefs of the Livingston panel, 
but also in its ability to capture the evolution 
of those beliefs over time. Figure 2 shows the 
evolving beliefs of the Livingston panel about 
the time-series relationship among the vari- 
ables’ in their information set and future 
inflation. Examination: of the graph shows 
that’ the panel learned to place more and 
more weight on the previous period’s in- 
flation rate in forecasting future prices. A 
second striking pattern is the change in im- 
portance given to money ‘growth: panel 
members steadily increased the weight that 
they placed on past changes in money in 
forecasting prices.!° 

Particularly interesting is the evolution of 
the coefficient-on SURL. The smooth decline 
in the weight that-the group placed on this 
variable agrees with the popular notion that 
as economists began to place more weight on 
monetary growth in forecasting inflation, they 


10Mullineaux obtained -4 similar result using a vary- 
ing parameter regression technique over the period from 


1966 to 1977. There is, however, a major difference .. 


between our two approaches. Mullineaux regresses the 
Livingston forecasts on variables that one might rea- 
sonably assume to enter the Livingston group’s informa- 
tion set. He permits the coefficient to vary over. time in a 
restricted manner.. While this technique does show that 
the relation between the Livingston. forecasts and the 
assumed set of information ‘variables shifted över time, 
it does not provide any grounds, such‘as a learning 
process, for why the shift occurred. Consequently, one . 
should not construe’ Mullineaux’s noteworthy study of 
expectations to be a model of the formation of expecta- 
tions in the sense of explaining why people forecast as 
they did. 
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FIGURE 3. LIVINGSTON AND LEARNING MODEL 
FORECASTS 


placed less importance on fiscal policy. The 
post-1969 positive coefficient on SURL is, 
however, a puzzle. One thought is that since 
part of fiscal policy is an automatic response 
to business cycle conditions, SURL may 
proxy both discretionary fiscal policy as well 
as aggregate demand conditions. When, how- 
ever, SURL is replaced with FSURL, the 
forecasting coefficient still becomes positive 
post-1977. 

As Figure 3 shows, the Bayesian learning 
model explains quite well the Livingston 
group’s forecasts. The forecasts from the 
estimated prior and the updated coefficients 
coincide with the Livingston group’s fore- 
casts to an impressive degree. The mean 
squared difference between the two. forecast 
series is 0.075. This settles one issue conclu- 
sively: a specific set of 1958:2 prior beliefs 
for the Livingston panel exists that, when 
combined with a Bayesian model of learning, 
accounts quite well for the Livingston fore- 
casts. 


III. Conclusion 


This paper demonstrates that one can ex- 
plain the Livingston inflation forecasts as the 
product of a learning process. Two underly- 
ing assumptions should, however, be em- 
phasized. It is assumed, not tested, that the 
panel followed Bayes’ Rule in updating their 
beliefs, It is also assumed that the panel 
believed the underlying parameters of the 
inflation process were constant over the 
estimation period. Further research could 
perhaps adopt a more general learning model 
that permits either a continuous or discon- 
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tinuous discounting of the information con- 
tent of older data. 

We should not interpret the findings pre- 
sented in this paper as proof that the Living- 
ston forecasts were the most accurate fcre- 
casts possible given available information. 
The estimates do show, however, that the 
Livingston forecasts are consistent with opti- 
mal forecasting behavior. This.is because I 
find that plausible initial beliefs combined 
with an updating procedure that follows the 
laws of conditional probability account for 
the observed forecasts. We do not need to 
appeal to statistical irrationality in explain- 
ing the Livingston price expectations. 


APPENDIX 


INFLV: The mean of the inflation fore- 
casts (CPI) of the participants in the Living- 
ston survey. 

INF: The CPI-based annual inflation rate 
over the eight-month period that coincides 
with the horizon of the Livingston forecast 
(i.e., April/ December or October /June). The 
CPI monthly series was obtained from the 
U.S. Department of Commerce Business 
Conditions Digest. The index is the All Items 
index. The inflation rate is calculated accord- 
ing to the following formula: 


12 CPI, 
INF =100| exp 3 ~ log =s CPI —1}. 
t-8 


INFL: A similarly calculated CPI annual 
inflation rate over the ten-month period just 
prior to the date of the Livingston forecasts 
(i.e., June/April or December/October). 

DMIL: The annual growth rate in the 
money stock (M1) over the six-month period 
just prior to the date of the Livingston fore- 
cast (i.e., October/April or April/October). 
The monthly data on M1 was provided by 
the Federal Reserve Board. The annual rate 
of growth was calculated according tc the 
following formula: 





M1, 
DM1 = 100| exo $ logs }-1}. 
t-—6 


SURL: The federal government’s season- 
ally adjusted quarterly budget surplus at an 
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annual rate divided by the seasonally ad- 
justed quarterly measure of GNP at an an- 
nual rate. This ratio was then multiplied by 
100 in order to scale it similarly to the other 
variables. The data is for the quarter just 
prior to the Livingston forecast date (i.e., the 
first and third quarters). The source of both 
measures is the U.S. Department of Com- 
merce, National Income and Product Account 
of the United States. 

FSURL: This variable is constructed simi- 
larly to SURL but using the full-employ- 
ment federal surplus and potential GNP. The 
Federal Reserve Bank of St. Louis provided 
me with this data. 

UNL: Unemployment as a percentage of 
all workers in the months of April or Oc- 
tober. The data source is the Bureau of Labor 
Statistics. - 
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Precautionary Saving and Accidental Bequests 


By ANDREW B. ABEL* 


This paper presents a simple general equi- 
librium model of precautionary saving and 
accidental bequests. This model is used to 
analyze the implications of individual life- 
time uncertainty for aggregate consumption 
and capital accumulation. A precautionary 
demand for saving arises because an individ- 
ual consumer does not know in advance the 
date at which he will die, and he wants to 
avoid low levels of consumption in the event 


that he lives longer than expected. An impli-. 


cation of this precautionary saving is that 
when death does occur, the consumer is gen- 
erally holding some wealth, which is then 
passed on to his heirs in the form of an 
accidental bequest. Even if all consumers 
have the same ex ante mortality probabili- 
ties, there will be some intracohort variation 
in the date of death; consequently there will 
be a nondegenerate distribution of bequests 
left by consumers in a cohort. This nondegen- 
erate distribution of bequests left by one 
generation induces variation in the distribu- 
tions of wealth, consumption, and bequests 
of subsequent generations. 

The importance of bequests in aggregate 
saving has been established by Laurence 
Kotlikoff and Lawrence Summers (1981) who 
reported that 80 percent of U.S. household 
wealth is inherited wealth. One interpreta- 
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tion of this finding is that the simple life 
cycle model without bequest motives is an 
inadequate description of saving behavior in 
the United States, but the model I present 
demonstrates that accidental bequests by 
selfish consumers can account for a poten- 
tially sizeable fraction of aggregate wealth. 
Although some part of bequests, especially 
by the wealthy, undoubtedly results from an 
explicit bequest motive, accidental bequests 
also play a role in the intergenerational 
transfer of wealth as well as in the intra- 
generational variation in wealth. In order to 
focus on the role of accidental bequests, I 
purposely exclude a bequest motive from the. 
specification of the utility function.! 

The effects of lifetime uncertainty on indi- 
vidual consumption behavior were first ex- 
amined formally in a seminal paper by 
Menachem Yaari (1965). Yaari’s model pro- 
vided the basic framework for virtually all 
subsequent work on uncertain lifetimes in- 
cluding well-known papers by Nils Hakans- 
son (1969), Stanley Fischer (1973), Robert 
Barro and James Friedman (1977), David 
Levhari and Leonard Mirman (1977), and 
Kotlikoff and Avia Spivak (1981). However, 
all of these papers focused on the consump- 
tion decision of an individual and ignored 
the effect of accidental bequests on the be- 
havior of the recipients of these accidental 
bequests.” As will be shown at various points 
in this paper, changes in the economic en- 
vironment can have effects on aggregate be- 
havior which differ sharply from the effects 
on individual behavior because of the endog- 
enous adjustment of bequests. The effects of 


lin the presence of perfect annuity and life insurance 
markets, there may or may not be bequests (depending 
on the presence or absence of a bequest motive), but 
there would be no accidental bequests. 

?Kotlikoff and Spivak focus on the role of the family 
in providing an (incomplete) annuities market, but stop 
short of a full-scale overlapping generations modal in 
which the distribution of bequests is determined endoge- 
nously. 
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the endogenous adjustment of bequests are 
modeled by embedding consumers with un- 
certain lifetimes into an overlapping-genera- 
tions model à la Franco Modigliani and 
Richard Brumberg (1979), Paul Samuelson 
(1958), and Peter Diamond (1965). The model 
‘is dramatically different from the overlap- 
ping generations model with uncertain life- 
times proposed by Eytan Sheshinski and 
Yoram Weiss (1981), because Sheshinski- 
Weiss assume that all consumers who are 
born at the same date also die on the same 
date. Thus, unlike the model presented be- 
low, the Sheshinski-Weiss model does not 
generate intracohort variation in bequests, 
consumption, and wealth. 

Zvi Eckstein, Martin Eichenbaum, and 
Dan Peled (1985a) have developed an over- 
lapping generations model in which con- 
sumers have identical ex ante mortality 
probabilities but die at different ages. Since 
the Eckstein et al. model, which was devel- 
oped independently of my model presented 
below, is similar to that model, it is worth 
commenting on the differences between the 
two models. First, and most importantly, the 
Eckstein et al. model has no capital although 
one could interpret that model as applying to 
an economy in which the net rate of return 
on capital is zero (i.e, a costless storage 
technology). However, as shown below, the 
effects of Social Security policy differ de- 
pending on whether or not the rate of return 
on capital is zero. Second, in my model, the 
instantaneous utility function is assumed to 
display hyperbolic absolute risk aversion 
(HARA), whereas Eckstein et al. use a more 
‘general concave utility function. However, 
their formulation is not as general as it might 
first appear because Eckstein et al. must at 
some point assume that the concavity of the 
derived saving function is “not too large” 
without presenting the implied restrictions 
on the utility function. An advantage of the 
HARA utility function used here is that it 
leads to linear decision rules, thereby making 
the analysis easily tractable. Third, my mod- 
el presented below allows for nonzero rates 
of time preference and population growth, 
whereas each of these rates is assumed to be 
zero by Eckstein et al. 

In Section I, I present a simple model of 
individual consumption behavior in the pres- 
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ence of an uncertain lifetime. In Section II, 
I trace the effects of accidental bequests on 
the saving and consumption of subsequent 
generations and calculate the steady-state 
intracohort distributions of consumption, 
wealth, and bequests. The next three sections 
analyze the aggregate and distributional con- 
sequences of introducing different types of 
annuities into the economy. Section III dem- 
onstrates that, in the absence of an annuity 
market, the introduction of a fully funded 
actuarially fair Social Security system leads 
to a reduction in the steady-state national 
capital stock. In addition, the introduction of 
actuarially fair Social Security reduces all 
central moments of the distributions of con- 
sumption, wealth, and bequests. Section IV 
is devoted to an analysis of the transition 
path to the new steady state. In Section V, I 
show that the introduction of a competitive 
annuity market can cause the steady-state 
capital stock either to rise or fall depending 
on whether the coefficient of relative risk 
aversion is less than or greater than a certain 
critical value. Concluding remarks and direc- 
tions for further research are presented in 
Section VI. 


I. Individual Consumption Behavior 
under Uncertain Lifetime 


Consider an economy with many con- 
sumers and a single commodity. This com- 
modity can be either consumed or invested. 
If one unit of the commodity is invested, it 
yields R units of the commodity in the fol- 
lowing period. Each consumer lives either 
one or two periods. A consumer works dur- 
ing the first period of his (or her) life earning 
a fixed labor income Y.’ Also in the first 
period of his life, a consumer consumes an 
amount c, and pays a tax T. At the end of 
the first period of his life, the consumer has 
G >1 children. There is a probability p that 
the consumer dies at the end of his first 


3It is assumed that the production function is linear 
in capital and employment. Let N, be the number of 
consumers born at the beginning of period f and let 
K,_, be the average capital stock held at the end of 
period t—1 by consumers born at the beginning of 
period t —1. Then aggregate output in period ¢ is N,Y+ 
RN, K,_}- 
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period of life*+ (after having the children). If 
the consumer survives to the second period 
of life, he does not work but receives a Social 
Security payment S. He then consumes an 
amount c,. When a consumer dies (either at 
the end of period one or period two), any 
unconsumed wealth is divided equally among 
his children. 

Each consumer chooses c, and c, to maxi- 
mize the following utility function 


(1) U(e,)+(1— p)8U(ca), 


where 0 < § <1. This utility function is based 
on the uncertain lifetime literature in which 
the discounted utility index for period j is 
multiplied by the probability of being alive 
in period j. This formulation is simply the 
expected value of a state-contingent utility 
function in which U(c;) is the utility index 
contingent on being alive at age j, and the 
utility index is identically zero contingent on 
not being alive at age j.f According to the 
utility function in (1), consumers do not care 
about their children; they derive no utility 
from leaving bequests.® 

Up to this point it may appear that all 
consumers are identical: they have identical 
utility functions, labor income Y, taxes T, 
childbearing characteristics, probabilities of 
survival, and, if they survive, identical Social 
Security benefits S. However, different con- 
sumers receive bequests of different sizes de- 
pending on the mortality history of the earlier 
generations of their families. Let B be the 
bequest a consumer receives from his parent 


4Although individual consumers face uncertainty 
about their date of death, there is no aggregate uncer- 
tainty; a fraction p of consumers in each generation 
dies at the end of the first period of life. 

SIt is not necessary that the utility index is equal to 
zero in the case of death. All that is required is that 
utility in the state of death does not depend on the level 
of wealth. 

®Fischer and Sheshinski-Weiss model consumers as 
deriving utility from leaving a bequest. This utility is a 
function of the size of the bequest. Barro (1974) and 
Allan Drazen (1978), in models without lifetime uncer- 
tainty, assume that consumers derive utility from the 
utility of their children. Douglas Bernheim, Andrei 
Shleifer, and Summers (1984) argue that parents use the 
prospect of bequests as a way to induce their children to 
behave in ways that the parent wants. Thus, although 


parents care only about their own utility, they find it ` 


optimal to leave bequests. 
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when he is born.” For the moment, take B as 
given; the determination of B will be dis- 
cussed in Section II. 

Finally, W is defined to be the wealth held 
by a consumer at the end of the first period 
of his life: 


(2) W=B+Y-T-¢,. 


If a consumer dies at the end of his first 
period of life, each of his children receives 
RW/G as a bequest at the beginning of the 
following period. If the consumer survives 
into the second period, he consumes c,= 
RW + S, because he derives no utility from 
leaving a bequest. Using equation (2), we 
have 


(3) c,=R[B+Y-T-c,]+S. 


The consumer’s first-period consumption 


. is determined by maximizing (1) with respect 


to c,, subject to the constraint in (3), to 
obtain 


(4)  U(e)=(1- p)RôU (c2). 


The first-order condition in (4) equates the 
marginal utility of a unit of first-period con- 
sumption with the expected present value of 
the utility from the R units of second-period 
consumption which could be obtained by 
reducing current consumption by one unit. I 
specify the utility index U(c) to be a member 
of the HARA (hyperbolic absolute risk aver- 
sion) family? 


(5) u) ==] Be +a). 





1-y¥ 
With HARA utility, the optimal value of 


7If a parent dies after the first period of his life, his 
child receives a bequest B at the beginning of the first 
period of the child’s life. If a parent lives two periods, 
then as shown below, the child receives no beques: in 
either period; in this case, of course, the bequest re- 
ceived at birth by the child is zero. 

® The utility function in (5) is subject to the following 
restrictions: y #1; B> 0; (Bc/Q— y))+9>0; n=1 if 
y = — 00. The HARA family of utility functions includes 
the following special cases: (i) constant relative risk 
aversion (7 = 0), which includes logarithmic utility if 
y = 0; (ü). constant absolute risk aversion (y= + 00); 
and (iii) quadratic utility (y = 2). 
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first-period consumption can be written as a 
linear function of the present value of life- 
time income B+ Y-T+ RS, . 


(6a) cy=a(B+Y-T+R'S)+b, 
where 
(6b) O0<a 
= [1+ R [(1- p) R8] tY] <1 
b= ((1—y)n/B)aR™' 


(6c) 


x f1- (G-p) Ra)», 


` Note that a, the marginal propensity to con- 


sume, is a positive constant less than one. 
If U(c) has constant relative risk aversion 
(n=0), then b=0 and first-period con- 


sumption is proportional to the present value. 


of disposable lifetime resources B + Y— T+ 
R715. Let o =1—y be the (constant) coeff- 
cient of relative risk aversion and note that if 
R = ô =1 (i.e., zero time preference and zero 
net rate of return on capital), then the frac- 
tion of total disposable resources (B + Y-T 
+ S) consumed in the first period of life is 
a=[1+(1— p)'/"]~+. The greater the coeffi- 
cient of relative risk aversion, the smaller the 
fraction of disposable resources consumed in 
the first period. In the limit as ø —> 00, a 
consumer would consume one-half of dis- 
posable resources in the first period; with.a 
large o, the desire to smooth consumption is 
so strong that the consumer is willing to save 
one-half of his resources in order to provide 
for second-period consumption equal to 
first-period consumption even though he 
might die before the second period. On the 
other hand, in the limit-as a — 0, the’ desire 


‘to smooth consumption is very weak so the 


consumer would consume all of his dispos- 
able resources in the first period. 3: 

Using the consumption function (6), we 
can easily calculate the end-of-first-period 
wealth and the second-period consumption 


IF the consumer cannot borrow against his (uncer- 
tain) future Social Security benefit S, then c, > B+ Y— 
T as o > 0. OF course, if S= 
indeed consume all of his Sie lifetime resources 
in the first period. i 


9, then the consumer will | 
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of the consumer. Combining equations (2) 
and (6). yields: 


S w=(1- Ser ere b. 


Combining equations (3) and (6) yields the 
income expansion path ` 


(8). e,=[(1—a)e,- 8] R/a, 
which is linear and positively sloped. 
i. Intergenerational Transfers 


I have solved the consumer’s saving-con- 
sumption decision conditional on the be- 
quest B received at birth. In this section, I 
calculate the bequests received by each con- 
sumer. The bequest received by.a consumer 
depends on the mortality history of the earlier _ 
generations of his family. Specifically, let j 
be the number of consecutive previous gener- 
ations in a consumer’s family that died at 
age 1 (i.e., did not live to the second period 
of their life). For example, j= 0 indicates 
that the consumer’s parent lived two periods 
and therefore left no bequest to the con- 
sumer. If j=1, then the consumer’s parent 
died at- age 1 leaving a bequest but the 
consumer’s grandparent lived two periods 


‘leaving no bequest. All consumers are in- 


dexed according to j and I use the super- 
script j written in parentheses to indicate 
that a variable pertains to a consumer of 
type j. Observe that p/(1— p) is the fraction 
of consumers who are of type j. 

First consider type-0 consumers. As indi- 
cated above, the parents of these consumers 
lived two periods, leaving no bequest so that 
B© =0. The first-period consumption and 
end-of-first-period wealth of these consumers 
follow immediately from (6) and (7), respec- 


_ tively:?° 


9) cO=a(Y-T+R-'S)+b, 
1 . 


G0) W=(1- a)(¥Y-T)-aR~'S—b. 


107 assume that’ S and T are small enough and that 
the utility function and labor income. are such that, 

w©)> 0, Note that if b=0 {as it would be with con- 
stant relative risk aversion), then W > 0 provided that 
S and T are small enough. 
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Now consider consumers who receive posi- 
tive bequests at birth, that is, consumers of 
type j, J =1. Because all consumers have the 
same constant marginal propensity to con- 
sume, the difference in first-period consump- 
tion between any two consumers is propor- 
tional to the difference in the bequests they 
received at birth. In particular, the first- 
period consumption of a type-j consumer 
exceeds the first-period consumption of a 
type-0 consumer by aB\); 


(11) 


Similarly, intracohort differences in end-of- 
first-period wealth are proportional to in- 
tracohort differences in the bequest received 
at birth, so that from (7) and (10) we obtain 


(12) 


Having related first-period consumption 
and end-of-first-period wealth to BO), the 
bequest received at birth, the next step is to 
calculate B“. If a type-j—1 consumer dies 


cl) = aB iO, 


WO = (1-a)BY + Ww, 


after one period, he leaves a bequest of 


G”'W4Y- to each of his children (who are 
type-j consumers). The bequest earns a gross 
rate of return R so that 
(13) BY=(R/G)WY-Y) j=1,2,3,.. 
Substituting (13) ‘into (12) yields the first- 
order linear constant coefficient difference 
equation WO) = a —a\(R/G)WYU-Y + 
W©, 7=1,2,3,..., which has the solution 


(14) WoW Y (1-a)'(R/G)' 
i=0 - 


j=0,1,2,.... 


According to (14), as we increase the 
number of previous generations that died 
early leaving bequests, we increase WO. 
We will assume that (1—a)R<G; hence, 
as j increases, WO) approaches woy 
[1-—G—a\(R/ 6) asymptotically. 


Usince C < a <1, it follows immediately that if R < 
G, then the convergence condition (1~ a)R < G holds. 
To examine the case where R>G, observe from (6b) 
that (1— a) R = pR'/0 -V 1+ pRa- 1”), where $= 
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I have now obtained a complete formal 
solution of the model. Given any nonnega- 
tive integer j, we know that a fraction (1— 
P)p/ of the population is of type j. Then, 
using equations (9)—(11), (13), and (14), it is 
a simple matter to calculate the consump- 
tion, wealth, and bequests received at birth 
by each type-j consumer. The next step is to 
summarize the distributions of consumption, 
wealth and bequests by calculating the values 
of aggregate first-period consumption C¥, 
aggregate second-period consumption C#, 
aggregate private wealth W*, and aggregate 
bequests B*. Each of these aggregates is 
expressed on a per capita basis (more pre- 
cisely, per person in the young generation). 

Calculating the aggregate per capita values 
of both sides of (12), we obtain 


(15) 


Because a fraction p of each type of con- 
sumer dies early leaving a bequest, aggregate 
wealth held by consumers who die young is 
pW*. Including the accrued interest on this 


W* =(1—a)B*¥+ Ww. 


‘wealth and adjusting for the fact that each 


generation has G times as many consumers 
as the previous generation, we obtain 


(16) 
Substituting (16) into (15) yields 


B* = p(R/G)W*. | 


(17) Wt=W/(1—(1—a)pR/G). 


Therefore, per capita wealth is proportional 
to W, the wealth of type-0 consumers, and 
the constant of proportionality is indepen- 
dent of the tax parameters T and S. 


© K- p)8}/G-), Therefore, (l—a)R<G if and only 


if ¢R/C-/)[1—G/R]<G. If R>G, then the con- 
vergence condition holds if and only if $ <[G/ 
(R'— G)|R™ V/A), 

12 For example, aggregate private wealth per capita is 
defined as W* =o (1— p) p/W). Since only a frac- 
tion (1— p) of young consumers survives to the second 
period of life, and since each generation is only G7! 
times as large as the succeeding generation, aggregate 


- second-period consumption is 


CH= (1-p)G™ D, Q- ppg. 
joo 
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Aggregate economywide private consump- 
tion per capita, C* + CF, is equal to the sum 
of after-tax labor income, Y — T, plus Social 
Security payments to the surviving fraction 
(1— p) of the old cohort, plus the net return 
on wealth, adjusted for population growth, 


(18) C#+CX=Y-T+(1- p)G's 
— +(R/G—1)0*. 


A final useful relation between C#* and C#* 
is obtained by calculating the per capita val- 
ues of both sides of the income expansion 
path in (8) and recalling that the old cohort 
has (1— p)G™? times as many consumers as 
the young cohort, 


(19) Cł=(1-p)G-|(1-a)C#-b] R /a. 


Thus, C* and C* move in the same direc- 
tion in response to changes in labor income 
Y, or in the Social Security parameters S 
and T. 


HI. The Effects of Actuarially Fair 
Social Security 


In this section I consider the effects on 
savings and consumption of the introduction 
of a fully funded actuarially fair Social 
Security system. Let us suppose that the only 
role of the government is to collect Social 
Security taxes from the young and distribute 
Social Security benefits to the old. Thus the 
taxes T levied on the young are Social Secur- 
ity taxes. An actuarially fair Social Security 
system would levy a tax of (1— p)R™? dol- 
lars for each dollar of expected benefits, that 
is RT=(1—p)S. Under this system, a 
young consumer contributes (1— p)R7~'S to 
the Social Security system. He receives S$ if 
he survives to the second period of life, but 
receives zero if he dies after one period. Thus 
the expected present value of the Social 


13 Observe from (2) and (16) that C¥ = B* + Y-T- 
W* =Y—T-(1— pR/G)W*. Since c = RWU) +5, 
and since the old cohort is (1— p)G~? times as large as 
the young cohort, we obtain C¥ = (1— p)G7(RW*+ 
S). Adding together the expressions for C¥ and CY 
yields (18). 
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Security benefit is (1 — p)R~'S which is equal 
to the consumer’s contribution. Put differ- 
ently, the Social Security system runs a bal- 
anced account vis-a-vis each generation. The 
Social Security system collects taxes from the 
members of each generation when they are 
young, invests the tax revenue at a gross rate 
of return R, and then returns all of the tax 
revenue with accrued interest to the surviv- 
ing old members of the generation. 


A. Aggregate Consumption and 
Capital Accumulation 


In order to study the effects of actuarially 
fair Social Security on aggregate consump- 
tion, I proceed in three steps. First, I analyze 
the effects of Social Security on the saving 
and consumption behavior of type-) con- 
sumers. Then, I use the results abcut the 
effects on W to analyze the effects on the 
private capital stock and on the total na- 
tional capital stock. Finally, the relations 
between the national capital stock and ag- 
gregate consumption are used to determine 
the effects on Cf and C¥. 

To calculate the effects of actuarially fair 
social security on consumption and saving of 
young type-O0 consumers, we substitute T = 
(1— p)R7'S into (9) and (10) to obtain 


(20) c=aY+b+apR7'S, 


(21) W=(1-a)¥—b-T—apR7'S. 


The introduction of actuarially fair Social 
Security increases the present value of life- 
time resources, B + Y—T + R718, by -T+ 
R~1§ = pR™'S. A consumer who survives to 
the second period receives a Social Security 
payment S that exceeds the value of his 
contribution with accrued interest, RT, be- 
cause the surviving members of each genera- 
tion receive (on a pro rata basis) the taxes- 
cum-interest contributed by members of their 
generation who died after one period. The 
effect of this increase in lifetime resources is 
to increase cf by apR~'S.\4 The wealth 


MAn alternative explanation for the increase in con- 
sumption is that a consumer’s claim to Social Security 
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held at the end of the first period by type-0 
consumers is reduced for two reasons: first, 
disposable resources available in the first 
period fall by the amount of the tax T; 
second, the increase in first-period consump- 
tion further reduces wealth held at the end of 
the first period. 

In a fully funded Social Security system, 
the total national capital stock per capita 
(measured at the end of a period) is equal to 
the sum of the aggregate private capital stock 
per capita, W*, and the per capita capital 
stock held by the Social Security system T. 
Recall from (17), that the private capital 
stock W* is proportional to W®, and that 
the constant of proportionality does not de- 
pend on the parameters of the Social Secur- 
ity system. Since, from (21), the introduction 
of Social Security reduces W, it also re- 
duces the aggregate private capital stock. 
Since B* = ( pR/G)W*, the reduction in the 
aggregate private capital stock implies an 
equiproportionate reduction in aggregate be- 
quests per capita. 

The effect of actuarially fair Social Secur- 
ity on the aggregate national capital stock 
per capita, W* +T, is easily determined by 
first observing from the definition of end-of- 


benefits can be viewed as an annuity. If the consumer 
survives until retirement, the annuity pays some specified 
amount, but if the consumer dies before retirement, the 
annuity pays zero. Under an actuarially fair Social 
Security system, the price that the consumer pays for 
this annuity (i.e., the Social Security tax levied on young 
consumers) is equal to the expected present value of 
future payoffs. However, consumers would be willing to 
pay more than the expected present value of future 
payoffs because the payoffs are positively correlated 
with future marginal utility of consumption. The annu- 
ity has a positive payoff if and only if the consumer 
survives, thereby having a positive marginal utility of 
consumption; the annuity has a zero payoff if the con- 
sumer dies, in which case wealth has zero marginal 
utility. Therefore, an actuarially fair increase in the level 
of Social Security taxes and benefits will make a young 
consumer wealthier and hence increase his consumption. 

15In a balanced budget pay-as-you-go system, GT = 
(1— p)S. In this case, equation (9) implies cf? = aY + b 
+aQ(G/(A— p)R))-1)T so.that the introduction of 
Social Security causes cf to increase, decrease, or 
remain unchanged according to whether G is greater 
than, less than, or equal to (1— p)R. It follows from 
equation (10) that the introduction of Social Security 
causes W® to fall by (L— a)T + aR7'S. 


ABEL; PRECAUTIONARY SAVING AND ACCIDENTAL BEQUESTS 783 


first-period wealth in (2) that 
(22) 


Then calculating the aggregate per capita 
values of both sides of (11) we obtain 


(23) 


Substituting (23) into (22) yields 


W*+T=Y+ BY-CH. 


= aB* +c, 


(24) W*+T=Y¥+(1—a)B*—c, 


Since the introduction of Social Security 
causes B* to fall and c{ to increase, it is 
clear from (24) that the aggregate national 
capital stock W* + T is reduced by the intro- 
duction of Social Security. 

Next I examine the effects on aggregate 
consumption of the introduction of actu- 
arially fair Social Security. Substituting RT 
for (1— p)S in (18) gives 


(25) C+ Ce =Y¥+((R/G)-1)(WFt+T). 


Thus, aggregate private consumption is equal 
to the sum of labor income Y and the net 
return (adjusted for population growth) on 
national wealth. Observe that if R=G, so 
that the net rate of return on capital is equal 
to the rate of population growth, then the 
coefficient on national wealth in (25) is zero. 
In this case, Cj* + C3 is independent of the 
level of actuarially fair Social Security taxes 
and benefits. Furthermore, in view of the 
aggregate income expansion path in (19), 
both Cř and C} are independent of the 
level of actuarially fair Social Security taxes 
and benefits when R=G. If R>G, then the 
reduction in aggregate wealth, W*+ T, in- 
duced by the introduction of Social Security, 
leads to a reduction in Cř + C¥; in light of 
(19), C and C are each reduced by the 
introduction of actuarially fair Social Secur- 
ity. Finally, if R<G, then C* and C¥ are 
each increased by the introduction of actu- 
arially fair Social Security. 


Under a balanced budget pay-as-you-go system, 
GT =(1-— p)S, so that from (18) aggregate consump- 
tion is CF + CF =¥+(R/G—1)W*. As shown in fn. 


x 
“2. 


as 
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B. The Intracohort Distributions of 
Consumption and Wealth 


Having analyzed the- effects of Social 
Security on the aggregate consumption of the 
young cohort and the aggregate consumption 
of the old cohort, I now examine the in- 
tracohort distributions of consumption and 
wealth. As. already shown (equation (20)), 
the first-period.consumption of type-0 con- 
sumers increases by apR~'S in response to 
the introduction of Social Security. Also I 
have shown that W© falls by T + apR7'S 
when Social Security is introduced. As a 
consequence of the fall in W, there is a 
reduction in bequests, B®, received at birth 
by type-1 consumers. Indeed, the introduc- 
tion of Social Security reduces B® for all 
type-j consumers for j=1,2,3,.... This re- 
sult follows from the facts that BO? is pro- 
portional to W© (see equations (13) and 
(14)) and that W© is reduced by the intro- 
duction of Social Security. Below I analyze 
the effects of the induced reduction in be- 
quests in the intracohort distribution of con- 
sumption. 

-The deviation of a type; consumer’s first- 
period consumption from the average level 
of first-period consumption is proportional 
to BY) — B* (see equations (11) and (23)): 
(26) cf) —C* = a( BY — B*). 

Since BY) and B* are each proportional to 
W©), it follows that c}? — C¥ is also propor- 
tional to W,17 Because the introduction of 


15, W is reduced by the introduction of pay-as-you-go- 


Social Security. Therefore, since W* is proportional to 
W, it follows that W* is also reduced. As in the text, 
aggregate consumption is reduced, increased, or left un- 
f changed according to whether R is greater than, less 
than, or equal to G. 
17More formally, using equations (13), (14), (16), and 
(17), equation (26) can be rewritten as- 


‘of = Ce =a(R/G)WO 
ask 
EENE AE 
(Zoo (8/0) ~~ a(R/GV =a) 


where Sita — a)'(R/G)' is equal to zero for j = 0. 
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actuarially fair Social Security reduces W ©, 
it also reduces the (magnitude of the) de- 
viation of type-j..consumer’s first-period 
consumption from the average. first-period 
consumption.'® Thus, the distribution of 
consumption is narrowed by the introduction 


_.of Social Security. More precisely, all central 


moments of the intracohort distribution .of 
c are reduced by the introduction of Social: 
Security. 

The effects of the introduction of Social 
Security on second-period consumption ‘are 
easily calculated by observing from (8) that 
cl can be expressed as an increasing linear 
function of cf”. Therefore, the narrowing of 
the distribution of cY) implies that the dis- 
tribution of cY is “also narrowed by the 


` introduction of Social Security. 


For the case in which R= ea it is 
straightforward to analyze the (steady-state) 
welfare implications of the introduction of 
Social Security. In this case, the-intreduction 
of actuarially fair Social Security does not 
affect the average levels of consumption of 
the young or of the old as explained in 
Section III, Part A. However, it narrows the 
distribution of consumption of each cohort. . 
Therefore, if each consumer has an identical 
utility function and receives equal weight in 
the social welfare function, the introduction 
of Social Security is welfare improving. If. 
R <G, then the introduction of Social Secur- 
ity raises the average level.of consumption 
and reduces the variance of consumption. 
Each of these effects increases-social welfare. 
However, if R >G, then the introduction of 
Social Security reduces average consump- 
tion, which tends to reduce welfare, but also 
reduces the intracohort variance of consump- 
tion, which tends to raise welfare. 


IV. . The Transition Path to jie New 
Steady State 


The analysis in Section III of the effects of- 
the introduction of actuarially fair Social 
Security was a comparative steady-state anal- 


18Recall from fn. 15 that W® is also reduced by 
pay-as-you-go Social Security. Hence, pay-as-you-go So- 
cial Security also narrows the distribution of consump- 
tion. j 
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ysis; it was assumed that the Social Security 
system had been in effect long enough 
so that essentially no one received a be- 
quest that included part of the savings of an 
ancestor who lived in the initial regime 
without Social Security. Equivalently, it was 
assumed that each person had at least one 
ancestor who lived for two periods under the 


new regime, leaving no bequests and thus: 


severing links to the old regime. 

In this section, I examine the transition 
path to the new steady state, which accompa- 
nies the introduction of an actuarially fair 
Social Security system. I show that the intro- 
duction of Social Security reduces the in- 
tracohort variances of first-period and sec- 
ond-period consumption for every genera- 
tion (except the first) born under the new 
Social Security regime. Also, if R<G, then 
the average levels of first-period and second- 
period consumption of each generation are 
at least as high under the Social Security 


regime as in the absence of Social Security.’ 


In this case, the introduction of Social Secur- 
ity increases the welfare of every generation 
born under the Social Security regime. 

Suppose that actuarially fair fully funded 
Social Security is introduced at the beginning 
of period ¢*+ 1. It will be assumed that since 
the older cohort (born at time ¢*) did 
not contribute to the Social Security system, 
they receive no benefits. The young genera- 
tion (born at time ¢*+1) pays a tax T= 
(1— p)R7'S and the survivors will each re- 
ceive a Social Security payment of S as dis- 
cussed in Section III. The bequests received 
by each individual in the young generation 
are invariant to the introduction of Social 
Security, and for a given level of bequests 
received at birth, the introduction of Social 
Security increases the present value of life- 
time income by pR~'S. Thus, every con- 
sumer in this generation increases first-period 
consumption by apR~1S, and every surviv- 
or increases second-period consumption by 
(1—a)pS. This generation unanimously fa- 
vors the introduction of actuarially fair So- 
cial Security. i 

Next I consider the effect of the introduc- 
tion of Social Security on subsequent genera- 
tions. Let the subscript m denote that a 
variable pertains to a consumer born at the 
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beginning of period ¢*+ m. Let A denote the 
change in a variable induced by the intro- 
duction of Social Security (relative to the 
regime without Social Security). Thus, the 
effect of Social Security on the first-period 
consumption of type-j consumers born at 
time ¢* + m is obtained from (11) and (13) as 


(27) Ac), = Ac, + a(R/G)AWY5», 


j=1,2,3,... 
m=2,3,4,.... 


Equation (27) displays the two countervail- 
ing effects on the consumption of subsequent 
generations. It follows immediately from (20) 
that 
(28) Ac, = apR S > 0. 
Thus, as explained earlier, the first-period 
consumption of type-0 consumers increases. 
For consumers who receive positive be- 


quests at birth, there is a second effect on 


consumption and lifetime income because 
these consumers receive smaller bequests as a 
result of the introduction of Social Security. 
A straightforward generalization’ of (14) 
yields 


a 

(29) AWYU5D=AW® Ñ}, (1-a) (R/G)' 
i=0 

j=1,2,3,... 

m= 2,3,4,.... 


where j* = min( j, m—1). Observe from (21) 
that!’ 


(30) 


Since AW© <0, it is clear from (29) that 
AW.Y>» <0 so that type-j consumers born 
at the beginning of period ¢*+m receive 
smaller bequests at birth. The magnitude of 


AW® = —(T + apR™S) <0. 


- the reduction in bequests is strictly increas- 


ing in j*. Thus, for the generation born at 


19 Recall from fn. 15 that AW < 0 for pay-as-you-go 
Social Security also. 
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the beginning of period t* + m, the reduction 
in bequests received by type-j consumers is 
strictly increasing in j for j=0,1..., m—1, 
and is constant for j=m—1,m,m+l1,.... 
This finding combined with the fact that the 
level of bequests received by type-j con- 
sumers is strictly increasing in j for the 
Social Security regime as well as the regime 
without Social Security implies that the 
introduction of Social Security reduces the 
intracohort variance of bequests received by 
all generations born after period 1*+1.7 
Since first-period (second-period) consump- 
tion is a linear function of the bequest 
received at birth, the introduction of Social 
Security also reduces the intracohort vari- 
ance of first-period (second-period) con- 
sumption for these generations. 

I have derived unambiguous results about 
the intracohort variance of consumption 
aldng the transition path to the new steady 
state. The effects on the average level of 
consumption are less clear-cut. As already 
shown, for the generation born at the begin- 
ning of period ¢*+1, the average levels of 
first-period and second-period consumption 
are increased by the introduction of Social 
Security. It has also been shown that, in the 
new steady state, the average levels of c{/) 
and c$” decrease, increase, or remain un- 
changed, depending on whether R is greater 
than, less than, or equal to G. I show in the 
Appendix that AC¥,,, the change in the 
average level of first-period consumption of 
the generation born at time ż* + m, is 


apR™'S 
1— p(R/G)(1—a) 


x {1-(R/G)+[1- p(1- a)] 


X(R/G)"p"""(1-a)"™"}. 


(31) AC#,,= 


Since it has been assumed that (1— a)pR is 
less than G, it is clear from (31) that AC#,, 


20This statement is simply an application of the fact 
that if x(/) and y(/) are strictly increasing in j, and if 
¥(j)— x(J) is nonincreasing in j and strictly decreasing 
for some j, then the variance y(/) is less than the 
variance of x( j). 
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decreases as m increases: The reason is that 
as m increases (i.e., as we increase the length 
of time for which the Social Security regime 
has been in effect), there is a decrease in the 
amount of bequests which represent accu- 
mulated saving from generations born before 
the introduction of Social Security, when 
private saving was higher. 

In the case in which R =G, equation (31) 
implies that AC¥„ is equal to aR~'Sp™ 
Q-a)” 1 which is positive for all finite m. 
Thus, since the introduction of Social Secur- 
ity increases the average and reduces the 
variance of c{/), for all finite m, it also (see 
equation (8)) increases the average value and 
reduces the variance of c$, for all finite m. 
Therefore, if R =G, the introduction of So- 
cial Security is welfare improving for every 
generation born under the new Social Secur- 
ity regime. More generally, if R<G, the 
welfare of every generation (except the cur- 
rent old generation which is unaffected) is 
improved by the introduction of Social 
Security. 

The welfare effects of the introduction of 
Social Security are less clear-cut in the case 
in which R>G. Clearly, the welfare of the 
generation born at time ‘*+1 is improved 
because, as explained earlier, the first-period 
consumption of every consumer in this gen- 
eration increases by apR~'S (and from equa- 
tion (8), second-period consumption in- 
creases by (1—d)pS). For all generations 
born after time ¢*+1, the introduction of 
Social Security reduces the intracohort vari- 
ance of consumption. For sufficiently small 
m, it follows from (31) that the average level 
of first-period (and second-period) consump- 
tion is increased by the introduction of So- 
cial Security. Thus, for these generations, 
welfare is increased. The difficulty in my 
welfare analysis arises for generations born — 
long after the introduction of Social Security. 
If R>G, then it follows from (31) that for 
sufficiently large m, the average first-period 


` (and a fortiori average second-period) con- 


sumption of the generation born at time 
t*+m is reduced by the introduction of 
Social Security. The effect on the welfare of 
this generation thus depends on whether the 
welfare-improving effects of reduced vari- 
ance dominate the welfare-worsening effects 
of reduced average consumption. 
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V. Private Annuities 


In previous sections in this paper, it was 
assumed that there is no private market for 
annuities, and I showed that the introduction 
of actuarially fair Social Security reduces the 
national capital stock. However, if there were 
a competitive market for annuities, then the 
introduction of Social Security would have 
no effect because the competitively supplied 
actuarially fair annuities would be perfect 
substitutes for actuarially fair Social Secur- 
ity; hence, consumers could completely offset 
the effects of Social Security by conducting 
transactions in the private annuity market. 
Since the introduction of actuarially fair So- 
cial Security reduces the steady-state capital 
stock, it is natural to ask whether the intro- 
duction of a competitive annuity market also 
reduces the steady-state capital stock. In this 
section, we analyze a simple example to show 
that the introduction of a market for private 
annuities can either increase or decrease the 
steady-state capital stock.” 

With the introduction of private annuities, 
there are now two alternative forms in which 
a consumer can hold his wealth. As before, 
he can hold capital directly, earning a gross 
rate of return R. Alternatively, he can de- 
posit his savings at an annuity company. The 
annuity company operates by accepting de- 
posits from young consumers and using these 
deposits to buy capital which earns a gross 
rate of return R. At the beginning of the 
following period, the annuity company dis- 
tributes its holdings (with accumulated inter- 
est) to its surviving depositors in proportion 
to their initial deposits. Thus, each surviving 
depositor at the annuity company receives 
A=R/(1-— p) dollars for each dollar ini- 
tially deposited. As shown by Yaari, con- 
sumers who do not have explicit bequest 
motives will choose to hold all of their wealth 
in the form of these annuities. Thus, there 
will be no bequests. 

Consumers can, by holding annuities, earn 
a gross rate of return A on their savings so 
that c, = A[Y — c]. The maximization prob- 


21See Kotlikoff, John Shoven, and Spivak (1983) for 
an analysis of the effects of various annuity arrange- 
ments on capital accumulation. 
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lem of the representative consumer is 


(32) Max U(c,)+(1— p) 8U(A(Y¥—¢,)). 


The first-order condition for this problem is 
(33) -U'(¢) = (1- p) AbU"(c,) 


With actuarially fair annuities (1— p)A = R, 
so that the first-order condition (33) can be 
written as 


(34) 


where a circumflex denotes the value of a 
variable in the presence of a private annuity 
market. 

For the remainder of this section we as- 
sume that R = 6 =1, that is, that the net rate 
of return on capital and the rate of time 
preference are each equal to zero. With Rô 
=1, (34) implies that ĉ = ĉ, for any strictly 
concave utility function U( ). Since ĉ, = 
S ĉ) and A=(1— p)’, we obtain ¢, = 

=(1/(2- p))Y. Therefore, since W = Y — 
a, we obtain 


(35) W=((1-p)/(2-p))Y. 


Now consider the economy without an 
annuity market. For the remainder of this 
section, it will be assumed that U(c) exhibits 
constant relative risk aversion. Recall from 
Section I that with R = § =1, and a constarit 
coefficient of relative risk aversion equal to 
o, the marginal (and average) propensity 
to consume is a=[1+(1— p)'”"]~!. Thus, 
the first-period consumption of type-0 con- 
sumers is 


(36) 
It is straightforward to show that 


(37) 


U'(é,) = RSU (ê), 


ce =¥/(14+(1- py) 
é&2c™ as o21. 


22Since there are no bequests, there is no need to 
distinguish consumers according to the mortality history 
of their families. Also, since actuarially fair Social Secur- 
ity has no effect in the presence of an annuity market, I 
simply set S=7T=0. 
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The intuition for this result is that the intro- 
duction of a private annuity market raises 
the rate of return on private savings from R 
to R/(1— p). The income effect of this 
change is to raise first-period consumption 


whereas the substitution effect is to reduce > 


first-period consumption. With o >1, the in- 
‘come effect dominates and with o <1, the 
_ Substitution effect dominates. For logarith- 

“mic utility, (s =1), the income and substitu- 
tion effects exactly offset each other. By con- 
trast, notice that although Social Security has 
the payoff characteristics of an annuity, the 
introduction of actuarially fair Social Secur- 
ity has a positive income effect but has no 
substitution effect because individual con- 
sumers cannot choose the level of savings to 
be held in the form of Social Security. 

The analysis in the above paragraph ex- 
amines the effect on type-0 consumers of the 
introduction of an annuity market. For type-j 
consumers, there is an additional effect, be- 
cause these consumers receive bequests in the 
absence of private annuities but do not re- 
ceive bequests in the presence of annuities. 
To calculate the effect of an annuity market 
on the long-run capital stock, observe from 
(10) and (17) that in the absence of annu- 
ities, and with R=6=1, the steady-state 
capital stock is 


(38) w*=yy[1+(1- p) - p76]. 


Comparing (35) and (38) it can be shown 
that 


(39) WSW* as o26 
where 
BeA -1 
z= l1- m+ (G=P)P/G)) |" 1, 


ln(1- p) 


According to (39), there is a critical value 
of the coefficient of relative risk aversion that 
determines whether the long-run capital stock 
increases or decreases when a private annuity 
market is introduced. When o > 1, the intro- 
duction of an annuity market raises first- 
period consumption of type-0 consumers and 
thus reduces their saving. In addition, the 
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elimination of bequests received by type-j 
consumers for j21 also tends to reduce 
private wealth.23 On the other hand, when 
o <1, the introduction of private annuities 
reduce the first-period consumption and in- 
creases the saving of type-0 consumers. 
Whether this wealth-increasing effect dom- 
inates the wealth-reducing effect of elim- 
inating bequests depends on whether ø is 
less than o. 


VI. Concluding Remarks 


I have developed a general equilibrium 
model of precautionary saving and acciden- 
tal bequests that is sufficiently rich to pro- 
duce endogenous distributions of consump- 
tion, wealth, and bequests. The model is 
based on individual utility-maximizing be- 
havior and yields decision rules for con- 
sumers that are linear and easily aggregated. 
After developing the model in Sections I and 
IJ, it was shown in Section III that, in the 
absence of a private annuity market, the 
introduction of actuarially fair Social Secur- 
ity crowds out private wealth by more than 
one for one, thereby reducing national 
wealth; in addition, it reduces all central 
moments of the distributions of consump- 
tion, wealth, and bequests. Section IV 
analyzes the transition path to the new steady 
state when Social Security is introduced. The 
immediate effect is for the average level of 
consumption by young consumers to in- 
crease and for the variance of their consump- 
tion to remain unchanged. However, both 
the mean and the variance of consumption 
by young consumers decreases continually as 


3X otlikoff, Shoven, and Spivak examine a more 
complex overlapping-generations model with uncertain 
lifetimes. They solve their model numerically, and in 
each of their numerical simulations, they assume. that 
the constant coefficient of relative risk aversion is greater 
than one. Although they find that the introduction of a 
perfect annuity market reduces long-run aggregate 
wealth in each of their similations, the results in (39) 
suggest caution in applying this result to consumers with 
a coefficient of relative risk aversion sufficiently below 
one. Of course, since their model differs somewhat from 
the model presented herein, the critical value of the 
coefficient of relative risk aversion, if one exists, would 
probably differ from that in (39). 
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each subsequent generation is born. In Sec- 
tion V, I switched attention from publicly 
provided annuities to privately traded annu- 
ities and showed that the introduction of a 
private annuity market would cause the 
steady-state capital stock to increase or de- 
crease depending on the risk aversion of 
consumers. 

The model presented in this paper was 
purposely designed to allow a simple ex- 
amination of precautionary saving and acci- 
dental bequests in a general equilibrium 
framework. Toward this end, the following 
simplifying assumptions were made: 1) con- 
sumers live for either one or two periods; 2) 
the rate of return on capital, R, is constant; 
3) there is no private market for annuities 
(except in Section V); and 4) consumers are 
selfish, that is, they have no bequest motive. 

An implication of assumption 1 and the 
assumption that consumers give birth to their 
children at the end of the first period of life 
is that each consumer knows at birth exactly 
what bequest he will receive from his parent. 
If consumers lived potentially for many peri- 
ods so that a parent’s lifetime uncertainty 
were not resolved when the child is born, 
then we would have the additional problem 
of calculating optimal consumption behavior 
when there is the prospect of receiving a 
bequest of uncertain size at an unknown date 
in the future. Edi Karni and Itzhak Zilcha 
(1984) have examined the case in which con- 
sumers live for three periods. They prove the 
existence of the steady-state equilibrium in 
the. absence of annuity and insurance mar- 
kets, and demonstrate that the introduction 
of competitive life insurance and annuity 
markets leads to a Pareto optimal steady-state 
equilibrium. However, they do not provide 
closed-form solutions for consumption. Also, 
their model cannot be used to examine long- 
run capital accumulation since capital is ab- 
sent from their model. Kotlikoff, Shoven, 
and Spivak also relax assumption 1, but pro- 
vide numerical rather analytic solutions of 
their model. 

Assumptions 1 and 2 are both relaxed by 
Glenn Hubbard (1984). In place of the linear 
technology assumed above, Hubbard intro- 
duces a neoclassical production function into 
a model with uncertain lifetimes. However, 
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he assumes that the government confiscates 
the assets held by consumers when they die 
and then redistributes the assets in lump sum 
fashion. This assumption circumvents the 
technical difficulty mentioned above but this 
simplification also eliminates the intracohort 
variations in consumption and wealth. Hub- 
bard does not solve his model analytically 
and resorts to numerical simulation to study 
the effects of Social Security. 

Assumption 3 is crucial in order for Social 
Security to have an effect in this model. If 
there were a competitive annuity market, the 
rate of return on competitively supplied an- 
nuities would be equal to the implicit rate of 
return offered by Social Security. In this case 
consumers could undo the effects of Social 
Security by conducting offsetting transac- 
tions in the private annuity market. How- 
ever, if the probability of dying after one 
period of life differed across consumers, then 
Social Security would have an effect on be- 
havior. In another paper (1984a), I assume 
that an individual’s probability of an early 
death is private information known only by 
the individual, so that the private annuity 
market is subject to adverse selection. How- 
ever, a compulsory Social Security system is 
immune to adverse selection and can offer a 
higher rate of return than the equilibrium 
rate of return in the private annuity market. 
Thus, consumers cannot effectively undo the 
effects of Social Security by transacting in 
the private annuity market because private 
and social annuities are no longer perfect 
substitutes. 

Eckstein, Eichenbaum, and Peled (1985b) 
also use the insight that the Social Security 
system is immune to adverse selection. They 
assume that consumers have no bequest mo- 
tive so that with a private annuity market, 
there are no bequests, accidental or other- 
wise. However, in my 1984a paper, I relax 
assumption 4 and specify the utility function 
to have a bequest motive. I then show that 
the introduction of Social Security can either 
increase or decrease the steady-state capital 
stock depending on the strength of the be- 
quest motive. In my 1984b paper, I assume 
that the probability of an early death differs 
across consumers, but these probabilities are 
public information. In this case, the intro- 
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duction of actuarially fair Social Security will 
have an effect if the government chooses not 
` to discriminate on the basis of the probabil- 
ity of dying. 

Although I have made some progress in 
incorporating a bequest motive into an over- 


lapping generations model with uncertain- 


lifetimes, further research is needed. My oth- 
er papers (1984a,b) used the Hakansson, 
Fischer, and Scott Richard (1975) utility 
function which. specifies a consumer’s utility 
as a function of his own consumption. and of 
the size of the bequest he leaves. An alterna- 
tive formulation is based on Barro’s inter- 
generational altruism in which a consumer 
derives utility from his own consumption 
and from the utility of his heirs. This formu- 
lation effectively converts the individual con- 
sumer’s decision problem into an infinite 
horizon problem. In future research I plan to 
study the role for fiscal policy in an overlap- 
ping generations economy. populated by con- 
sumers with uncertain lifetimes and altruistic 
bequest motives. 


APPENDIX 


Here I derive equation (31) in the text 
- which shows the effect on Cy, of the intro- 
duction in period *+1 of sera fair 
Social Security. 
It will be useful to define x as 


:x=(1—a)(R/G). 


Under actuarially fair Social Security, RT= = 
(1— p)S so that 


(a1) 


~~ (R/G)(T+ épr- s) 
= (R/6)(1- p+ ap) R- 15 
=((R/G)- px) RS. 


Substituting, (28)-(30) into (27) and using 
o3 and (AD, we obtain > 


(A3) Ac, 


i 


maris -[(R/6)- = = w). 
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As a step toward calculating the average. 
value of each side of (A3), I first calculate 


(A4) 


oo jek 
x (-p)p/ a x! 
j=0 





oo DÈT 


Recalling that j*= min(/, m— 7 (ng can: 
be rearranged to yid 


(A5) 2 (1— p)p/ > x! 


j= . 120 





l? h- E p- È E ee | l 
1-x]|1-p j= jam’ 


Calculating the sums on the right-hand side 
of (A5) yields i 
; jt- 
(as) Ea- 2 x! 
j=0 i=0 


-peip toe) 


1-x 1—'p 1- px 
which can be simplified to yield’ . 
œ . Jj*—1 
(a) LG-p) È x! 
j=0 . isO . 


= (2/1 (L= pre), 


Now calculate the average value of each side 
of (A3) and use (A7) to obtain 


(R/G)~ px 


* = ~1 ra 
(A8) AC ¥,,=apR {1 1— px 


(= pase}. 2 
Seen (A8) yields . 


pes i5 


(A9) AC¥,,= oa (R/G) 


dara px] p m-iym- T 
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Recognizing that 
(A10) [(R/G)- px] p™ x"? 


= [1- p(1- a)] p™ "(1 a)"""(R/G)” 
then yields equation (31) in the text. 
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A Test of Dual Labor Market Theory 


By WILLIAM T. DICKENS AND KEVIN LANG* 


This paper presents a test of two of the 
most important claims of dual market theory 
—that there is a distinct low-wage (sec- 
ondary) labor market in which there are no 
returns to schooling and workers do not 
receive on-the-job training, and that there 
are noneconomic barriers that prevent at least 
some secondary workers from obtaining bet- 
ter (primary) jobs. 

Human capital theory has tended to em- 
phasize differences among people, rather than 
among jobs, as a determinant of the distribu- 
tion of income. Workers in low-wage jobs are 
viewed simply as low-productivity workers 
who are unwilling or unable to obtain the 
skills that are necessary for access to higher 
paying jobs. It follows from this approach 
that the way to eliminate poverty is to pro- 
vide individuals with more skills, or with 
incentives to obtain skills. 

Dual market theorists have maintained that 
jobs can be roughly divided into two groups: 
those with low wages, bad working condi- 
tions, unstable employment, and little op- 
portunity for advancement (secondary jobs), 
and those with relatively high wages, good 
working conditions and opportunities for ad- 
vancement into higher paying jobs (primary 
jobs) (Peter Doeringer and Michael Piore, 
1971). Advocates of this view have argued 
that primary sector jobs are rationed, and 
that, in particular, women, blacks, and other 
minorities find it difficult to obtain primary 
employment. Since, in the view of dual 
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market theorists (Suzanne Berger and Piore, 
1980), it is unlikely that rationing can be 
eliminated, training programs will not be 
successful in eliminating poverty and the 
major roles for policy are providing income 
support, ensuring that the rationing system is 
“fair,” and minimizing the extent of the sec- 
ondary sector by stabilizing aggregate de- 
mand. 

Despite significant differences in their 
views of the low-wage labor market, neither 
the advocates of dual market theory nor its 
critics have specified potentially conclusive 
tests of either the dual market typology or 
the hypothesis of noneconomic barriers to 
entering the primary sector. Difficulties arise 
because tests of the dual market hypothesis 
often rely on circular definitions of the sec- 
tors. 

We propose strong tests of both hypothe- 
ses. Our results provide considerable support 
for the view that there are two distinct labor 
markets—a primary labor market with a 
wage profile similar to that predicted by 
human capital theory, and a secondary 
market with a completely flat (low) wage 


_ profile. Our results also provide support for 
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the hypothesis that there are noneconomic 
barriers that prevent nonwhites from enter- 
ing the primary sector. 

In Section I, we review some of the most 
noteworthy empirical work on dual market 
theory. In the second section, we outline 
what we consider to be the essential dif- 
ferences between dual market and human 
capital theory, and develop a formal test that. 
allows us to distinguish between the two 
hypotheses. The results are presented in Sec- 
tion OI. 


I. A Partial Review of Empirical Work 
on Dual Market Theory 


Although advocates of dual market theory 
may differ on the particulars, all agree on 
two basic tenets: 

1. The dual market typology described 
above is a useful characterization— most jobs 
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strongly resemble the description of either 
primary or secondary jobs. 
2. At most times there is rationing of 

primary sector jobs. 

A number of attempts have been made to 
test either or both of these hypotheses. 

Studies of the validity of the dual market 
typology have taken two forms, factor analy- 
sis of job and/or worker characteristics, and 
comparisons of wage equations for different 
occupations and industries. The authors who 
have used factor analysis have found a domi- 
nant factor fitting the dual market typology 
and have found bimodal distributions of fac- 
tor scores (David Gordon, 1971; Robert 
Buchele, 1976a,b; Gerry Oster, 1979). How- 
ever, the correlation of certain attributes such 
as low wages and bad working conditions 
does not provide strong support for the dual 
market hypothesis of the existence of sectors 
with distinct wage-setting mechanisms. 

Consequently, some researchers have at- 
tempted to test more directly the hypothesis 
that the wage-setting mechanisms are differ- 


ent in the two sectors. The approach these’ 


authors have followed is to ‘divide occupa- 
tions and/or industries into two sectors on 
the basis of the characteristics of the jobs, or 
of workers in those occupations or in- 
dustries. Having thus divided the sample, 
they test for differences in the wage equa- 
tions for the two sectors. Some have found 
patterns corresponding roughly to dual mar- 
ket theory (Paul Osterman, 1975; M. Carnoy 
and R. Rumberger, 1980; Buchele, 1976a,b; 
Samuel Rosenberg, 1976; Eric Wright, 1979); 
others have found little support for the hy- 
pothesis (Lynne Zucker and Carol Rosen- 
stein, 1981; Robert Bibb and William Form, 
1977; Randy Hodson, 1977). In addition, 
none of these studies has been entirely free 
of anomalies. 

Unfortunately, dividing the sample on the 
basis of occupation or industry has major 
drawbacks. Since a worker’s choice of in- 
dustry or occupation is not independent of 
unmeasured characteristics, there is danger 
of sample selection bias. Often industries 
and occupations are classified as secondary 
because they offer low wages. It is not 
surprising to find that in low-wage jobs the 
return to schooling is relatively low (Glenn 
Cain, 1976). In addition, the assumption that 
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all members of an occupation or industry are 
in the secondary sector may significantly re- 
duce the power of the test. For example, no 
one would argue that managers and skilled 
workers in industries which employ a sub- 
stantial number of secondary workers are 
themselves in secondary jobs. It is possible 
that the anomalous results found in this liter- 
ature are due to inaccurate classification. 
Both the factor analyses and attempts to 


- test for the existence of distinct wage equa- 


tions for the primary and secondary sectors 
described above are essentially concerned 
only with the dual market typology. As noted 
in the introduction, dual market theorists 
maintain not only that they have developed 
an accurate typology but that primary jobs 
are rationed. In fact, it is the latter position 
which constitutes the major break with hu- 
mani capital theory. 

Several authors have suggested that the 
existence of distinct wage equations for the 
primary and secondary sectors would con- 
stitute a refutation of human capital theory 
(Buchele, 1976a,b; Osterman), but this is not 
the case. If an individual can move out of the 
secondary sector in order to obtain returns 
on experience or education, the existence of 
a sector in which there are no returns is 
inconsequential (Cain). Thus the basis of the 
allocation of workers between the sectors is 
crucial; are primary sector jobs rationed? 

Several authors have addressed the issue 
of mobility between the two sectors. Duane 
Leigh (1976) finds substantial and compara- 
ble earnings growth for black and white 
workers and suggests that this refutes the 
dual market hypothesis. Bradley Schiller 
(1977) reports extensive upward mobility of 
individuals at the bottom of the income dis- 
tribution during the period 1957 to 1971. He 
argues that this constitutes a refutation of 
dual market theory. 

On the other hand, Rosenberg (1976) and 
Carnoy and Rumberger find that minority 
workers are more likely to begin their careers 
in the secondary sector and, having sterted 
there, are less likely to leave than are whites. 
Rosenberg also finds that human capital 
variables do not help to explain the upward 
mobility of minority workers. These authors 
argue that this differential mobility supports 
dual market theory. 
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In fact, measuring mobility does not pro- 
vide a test of rationing of primary market 
jobs. As Rosenberg (1979) notes, some mo- 
bility is consistent with dual market theory, 
while purely random movement is not im- 
plied by human capital theory. It is easy to 
derive a simple human capital model with 
firm-specific training in which there is no 
mobility between jobs whatsoever. No one 
has specified, and it is probably impossible 
to do so correctly, what levels of mobility 
would constitute refutations of dual market 
or human capital theory. Although studies 
of differential mobility between races are 
suggestive, the key issue is whether there are 
qualified individuals who would like to work 
in the primary sector but cannot find a job 
there. No study has addressed this issue. 

Thus empirical work contrasting dual 
market and human capital theory has suffered 
from two major drawbacks. The taxonomies 
that have been developed simultaneously bias 
the results in favor of the dual market hy- 
pothesis by virtue of the selection criteria 
and are too gross to allow accurate testing of 
the hypothesis. Furthermore, the crucial is- 
sue of barriers to entry has not been ad- 
dressed. 

In Section II we propose a technique that 
allows us to derive the probability of sector 
attachment directly from the observed distri- 
bution of wages and worker attributes. This 
resolves the problem of attributing primary 
or secondary sector employment to everyone 
in a given industry or occupation. We then 
propose a direct test for involuntary confine- 
ment of workers to the secondary sector. 


Il. A Formal Test 


How can we test the descriptive power of 
the dual market hypothesis without prior 
knowledge of the sector a person is in? Con- 
sider how we might proceed if people’s earn- 
ings potential could be summarized by a 
single observable trait—for example, educa- 
tion—and an unobserved trait which was 
uncorrelated with education. In that case we 
could plot a scatter diagram of log wages 
and education. The standard view of the 
labor market holds that such a scatter di- 
agram should resemble Figure 1. From dual 
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Log Wage 





Education 


FIGURE 1. HYPOTHETICAL SCATTER PLOT— 
STANDARD HUMAN CAPITAL THEORY 


market theory we would expect a scatter 
diagram similar to Figure 2. A straight-for- 
ward test of the theories would therefore 
entail plotting the scatter diagram and 
assessing whether it corresponds to either the 
human capital model or the dual market 
model. 

Two problems complicate such an ap- 
proach. First, wages are determined by many 
observable characteristics other than educa- 
tion. To control for all variables simulta- 
neously, we would have to plot a scatter 
diagram for each subgroup in the sample. As 
the number of other variables increased, the 
number of observations on each diagram 
would decrease considerably. With a rea- 
sonable number of controls, the number of 
diagrams and the sparseness of observations 
would certainly make it impossible to discern 
any pattern. Second, even if we were able to 
plot all the scatter diagrams, we would still 
lack a formal mechanism for testing the hy- 
potheses. Each researcher would be free to 
decide for him/herself whether the diagrams 


` correspond more nearly to the predictions of 


human capital or dual market theory. These 
problems can be resolved by the use of the 
formal methods described in the following 
paragraphs. 

The question of whether a plot looks more 
like Figure 1 or 2 can be rephrased: do two 
wage equations fit the data significantly bet- 
ter than one, and do the best-fitting equa- 
tions fit the predictions of the dual market 
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Education 


FIGURE 2. HYPOTHETICAL SCATTER PLOT— 
DUAL MARKET THEORY 


hypothesis? We can imagine fitting first one, 
and then two lines by hand to Figure 2. To 
compare the explanatory power we might, 
for example, compute the distance from each 
point to the closest line. The reduction in the 
sum of squares going from one line to two 
would be much larger for Figure 2 than for 
Figure 1. 

Of course, two equations having more ex- 
planatory power than one is not, by itself, a 
test of the dual market hypothesis. For ex- 
ample, two equations might have signifi- 
cantly more explanatory power than one for 
a‘scatter diagram such as Figure 3. However, 
there is no identifiable secondary market. 
Thus, in addition to requiring two equations 
to have significantly more explanatory power 
than one, we also require the best-fitting 
lines to have characteristics consistent with 
the dual market hypothesis. To correspond 
to the predictions of dual market theory, one 
wage equation should be upward sloping in 
schooling and experience, while the other 
equation should be flat with respect to hu- 
man capital variables and below the other at 
most points. Since we are dealing with a 
sample of adult males, we also expect that 
there will be fewer observations associated 
with the low-wage line. 

Formally, we may fit two wage equations 
using maximum likelihood techniques. Since 
we do not know a priori with which wage 
equation to compare an individual, we esti- 
mate a switching model with unknown re- 
gimes. To do this we must specify two wage 
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FIGURE 3. HYPOTHETICAL SCATTER. PLOT— 
HUMAN CAPITAL THEORY WITH NONLINEAR 
WAGE-EDUCATION RELATION 


equations and a third equation that predicts 
sector attachment, and estimate all three 
equations simultaneously. The likelihood 
function for this model can be found in the 
Appendix. Since the single-equation model is 
nested in the switching model, we may test 
the hypothesis that the two-equation model 
fits significantly better than the single-equa- 
tion model by comparing the log-likelihood 
values for the two models. If we reject the 
single-equation hypothesis, we may examine 
the coefficients of the two wage equations to 
see if they fit the dual market hypothesis. 

The existence of two sectors with different 
wage-setting mechanisms is fundamental to 
dual market theory, but it is not incompati- 
ble with human capital theory. While neo- 
classical economics tends to emphasize the 
development of models which are continuous 
and therefore tractable in calculus, if the 
technology were sharply discontinuous in the 
way suggested by Piore (1980b), no funda- 
mental assumptions of mainstream econom- 
ics would be violated. In this case, individu- 
als would choose the sector of employment 
that maximized the expected present value of 
their lifetime utility. 

The second tenet of dual market theory, 
that primary sector jobs are rationed, is less 
compatible with human capital theory. Dual 
market theory maintains that individuals 
cannot always choose the sector which they 
prefer—some workers who would prefer to 
be employed in the primary sector cannot 
find jobs there. As a general phenomenon 
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this would be incompatible with the standard 
neoclassical view. However, rationing as a 
general phenomenon is believed to be re- 
stricted to recession periods (Piore 1980a). 
During other periods only women and 
minorities are likely to experience rationing. 
This contention is no more troublesome than 
the widely acknowledged importance of race 
and sex discrimination in the determination 
of wages. 

To test for the presence of noneconomic 
barriers to primary sector employment, we 
need to postulate a mechanism for allocating 
workers between the sectors in the absence 
of rationing. To begin, we assume that expe- 
rience in one sector raises wages in the sector 
more than it raises wages in the other sector. 
We also assume that workers will behave so 
as to maximize utility over their lifetime. 
Utility is assumed to be increasing with the 
net present value (NPV) of lifetime income. 

_ If we then assume that people’s preferences 
with respect to the nonpecuniary aspects of 
jobs do not change over their lifetime, and 
that workers are perfectly informed about 
the characteristics ‘of all jobs, we can con- 
clude that workers will choose employment 
in one of the two sectors at the beginning of 
their careers and stay in that sector for their 
entire working life.” 

If the nonpecuniary characteristics of the 
two sectors were similar, we would expect 
workers to pick the sector that yields the 
highest lifetime income. However, dual mar- 
ket theorists are unanimous in maintaining 
that the nonpecuniary aspects of secondary 
employment are inferior to those obtained in 
primary employment. On the other hand, 
starting wages in some secondary jobs may 
be higher than in the primary sector, and this 


1This assumption appears reasonable in light of re- 
cent empirical evidence on experience-earnings profiles. 
James Brown (1983, p. 20) shows that experience in 
other firms counts very little towards earnings for 
workers on their current jobs. The assumption entails 
the existence of sector-specific training. If some training 
is firm specific, it is ipso facto sector specific. 
2It might be argued that young people, in particular, 
- lack the necessary career information to make informed 
job choices. They may also have different preferences. 
Since we estimate our model on a sample of heads of 
households, these problems should not greatly affect our 
results. 
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could be attractive to a worker who plans to 
leave and enter the labor force frequently or 
change jobs often. In addition, secondary 
employers may be less concerned with late- 
ness and absenteeism and the work pace may 
be slower in secondary jobs. Formally, we 
assume that workers will choose primary sec- 
tor employment if the log of the NPV of 
their income stream in the primary em- 
ployment exceeds the log of the NPV of 
secondary employment by more than an 
amount C —the additive inverse.of the com- 
pensating differential for secondary employ- 
ment. We may write the probability that a 
worker is employed in the primary sector 
(denoted P) as 


(1) P=Pr{In(NPV,)—In(NPY,)>C} 


where the subscripts p and s denote primary 
and secondary. To model the NPV in the 
two sectors, we write two wage equations: 


(2) In(W,) = XB, + Ya, + e,; 
(3) In(W,) = XB, + Ya,+e,, 


where X is a vector of individual characteris- 
tics, Y is years of job experience, W, is the 
wage received in the primary sector, Pep is a 
normally distributed error representing un- 
observed characteristics affecting the primary 
sector wage, and. B, and a, are parameters. 
The terms W,, e,, "B, and a, are similarly 
defined for the secondary sector. Approxi- 
mating the length of the individual’s working 
life by infinity, and using (2) and (3), equa- 
tion (1) becomes 


(4) P=Pr{ X(B,-B,)+e,—e,+C’>0}, 
where 
(5) C'=n((d — a,)/(d —a,))-C; 


and d is the discount rate. 

If we assume that C’ is equal to a constant 
(C”) plus a normally distributed error term 
(i.e., people’s preferences with respect to the 
nonpecuniary aspects of employment and 
their discount rates do not vary with ob- 
servable characteristics (X)), we may test the . 
hypothesis that people choose their sector of 
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employment to maximize their utility. We do 
this by estimating an equation to determine 
sector membership and testing the hypothe- 
sis that the coefficients on the X’s are equal 
to B, — B,, or that the B,’s in 


(6) X(B,—B,+B,)+C"+e,-e,+e, 


are equal to zero. 

It may not be reasonable to assume that 
preferences for the nonpecuniary aspects of 
primary or secondary employment are not 
related to any observed worker characteris- 
tics. If they are related, we would expect at 
least some of the B,,’s to be different from 
zero even if workers are free to choose the 
sector they are employed in. In this case we 
may be able to find some X’s that should 
not be related to tastes, or to suggest in- 
equality constraints on the effects of certain 
characteristics on tastes. Specific tests of this 
type are proposed in Section III. 

An intuitive explanation of this approach 
uses the example of race. Suppose that the 
lines fitting the scatter diagram in Figure 2 
were the same for blacks and whites. Sup- 
pose further that the distribution of educa- 
tion was the same for the two groups, but 
that a higher proportion of blacks than of 
whites were scattered around the lower line. 
Under these circumstances, we would con- 
clude that either blacks are less averse to 
secondary employment than are whites, or 
that blacks face discrimination in obtaining 
primary jobs. Supplementary evidence would 
support the latter explanation. 

The data used in this study are drawn 
from the thirteenth wave (1980) of the Panel 
Study of Income Dynamics. We limited the 
sample to men who were heads of house- 
holds, working more than 1000 hours in the 
previous year, did not work in government 
and for whom data on education and marital 
status were available. Estimates were ob- 
tained for both the full sample (2812 cases) 
and with only members of the Survey Re- 
search Center sample (1696 cases). 


Ill. Results 
Table 1 presents the results for OLS esti- 


mation and the dual market model. Since the 
results for the samples are similar, we discuss 
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only the restricted sample here. The OLS 
results are similar to those obtained by other 
researchers. The return to schooling is about 
6 percent while the return to experience is 
about 1 percent. Whites receive wages about 
13 percent higher than nonwhites, holding 
other factors constant. Workers living in an 
SMSA earn wages almost 20 percent higher 
than equivalent workers outside an SMSA, 
-and workers who have never been married 
earn considerably less than other workers. 
All the coefficients are significant at conven- 
tional levels. 

The second part of Table 1 tells a very 
different story. The primary sector wage 
equation resembles the OLS equation, but 
there are some striking differences. Most no- 
tably, the white-nonwhite differential falls to 
zero (although it is measured very impre- 
cisely). In addition, the effect of living in an 
SMSA declines and the returns to schooling 
and experience increase somewhat. 

The secondary sector wage equation con- 
trasts sharply with the OLS equation. None 
of the coefficients is statistically significant 
at conventional levels. We cannot reject 
the hypothesis that the secondary sector 
wage equation is completely flat. The re- 
turn to experience (which is measured quite 
precisely) is essentially zero. Further, the 
secondary sector wage equation is almost 
everywhere below the primary sector. For a 
nonwhite living in an SMSA who has never 
been married and has a sixth-grade educa- 
tion, the predicted primary sector wage is 
greater than the secondary wage after one 
year’s experience. For all other workers, ex- 
cept those with less education, the predicted 
primary sector wage is always higher than 
the predicted secondary sector wage. Since 
the coefficients of the secondary sector wage 
equation are measured imprecisely, it might 
be presumed that, in fact, there is only one 
labor market. However, using a likelihood 
ratio test, we can easily reject the single labor 
market (OLS) model at any conventional 
level of significance.? Two wage equations fit 
the data considerably better than one. 


3 Twice the difference between the log-likelihood val- 
ues for the two models is 177. Although the single 
equation model is nested in the switching model, when 
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TABLE 1? ; 
: ‘Switching Model 
Variable Mean . OLS Primary Secondary Switch 
Restricted ‘Sample 
‘Constant - 1.00 874 .996 1.32 — .006 
(.075) (.297) (3.33) (574) 
SMSA 0.67 1S7 112 197 361 
(.025) (.060) (1.28) (158) 
Never Married 0.08 — 305 —.261 —.244 —.157 
BE : (.044) (.055) (.580) (354) 
School 12.7 059 .067 — 003 020 
(.005) (.005) (.072) (.031) 
White 91 134 .008 — 192 .196 
. ; (.040) (166) (2.73) (328) 
Experience 18.4. .010 .013 .001 
YA f (001) (001) (002), 
Covariance with í 
_ Switching Error .068 — .009 
= (389) (4.42) 
Standard Error ` ATI 374 381 b 
Log-Likelihood —1151.4 ‘ — 1062.9 
Full Sample a 
Constant 1.00 : .760 .982 1.27 — 389 
(.051) (.108) (.636) (.379) 
SMSA 0.69 194 .078 073 526 
(.02D) (.036) (.452) (144) 
“Never Married 0.10 —.265 —.286 —.268 .238 
f (031) (.047) (.263) (.338) 
School 12.07 063 .069 .006 .037 
. . (.004) (.005) (.034) (024) ` 
White ` 0.67 .189 .006 —.139 .885 
(029) (.059) (.781) (Q :190) 
Experience 17.9 .019 .014 .000 
, (001) (.001) (.002) 
Covariance with 
Switching Error - 155 —.019 ® 
; (084) (1.18) 
Standard Error 471 .392 373 
: i, Liketilicod — 1875.3 —1772.9 


a Standard errors are shown i in parentheses; dependen: variable is log hourly wage. 


“Normata to 1. 





_ the switching equation model is constrained to yield the ` 
‘single-equation model, several parameters are uniden- 
tified. This problem complicates the calculation of the _ 
degrees of freedom. In addition, it-is possible that the 
asymptotic likelihood ratio statistic does not have a 
chi-squared. distribution. However, Monte Carlo tests 
(Steven Goldfeld and Richard Quandt, 1976) suggest 
`“ that setting the dégrees of freedom equal to the number 
of constraints plus the’ number of unidentified parame- 
ters yields a conservative test using the chi-squared 
distribution. For our problem, this computation yields 
fourteen degrees of freedom. The 1 percent critical value 
‘for the chi-squared distribution with fourteen degrees of 
freedom is 29.14— far‘smaller than our computed likeli- 
hood ratio. test statistic. 


. Thus we can reject the single labor market 
model and cannot reject the predictions of 
dual market theory: that there are no returns 


` to education or experience in the secondary 


sector. As noted above, this characterization 


.-of the market, while not commonly assumed 


in: mainstream economics, is not incompati- 
ble with it. A more crucial aspect of dual 
market theory is the assumption that primary 
sector jobs are rationed. Testing this assump- 
tion entails testing constraints on the switch- 
ing equation. Using the restricted sample, we 
were unable to get the constrained likelihood 
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function to converge. Since a Wald test of 
the constraints is not invariant with respect 
to the choice of normalization,‘ a likelihood 
ratio test is preferable. In the following para- 
graphs, we report the results of likelihood 
ratio tests performed on the full sample. 

If workers were free to choose between the 
sectors and tastes for the nonpecuniary 
aspects of employment were not related to 
the location of a worker’s residence, his 
marital status, education, or race, we would 
expect the coefficients of these variables in 
the switching equation to equal the dif- 
ference between the coefficients in the two 
wage equations. However, it is probably not 
reasonable to expect workers’ preferences 
with respect to nonpecuniary job attributes 
to be independent of these variables. For 
example, we would not be surprised to find 
that workers outside of SMSAs required less 
of a compensating differential to get them to 
take secondary work since they may often be 
engaged in agricultural labor. We therefore 
test the hypothesis that B„ in equation (6) 
equals zero for school, white, and never mar- 
ried. Twice the difference between the log- 
likelihoods for the constrained and un- 
constrained models is 14.92. The 1 percent 
critical value for the chi-square with two 
degrees of freedom is 9.21.° The hypothesis 
of free choice is easily rejected. 

Since married workers may have a greater 
desire for stable primary work, we may want 
to restrict our attention to the coefficients of 
.education and race in the switching equa- 
tion. We can reject the hypothesis that these 
coefficients are both equal to the difference 


*Jn the unrestricted model it is not possible to simul- 
taneously identify all the coefficients of the switching 
equation and its error variance. This is a problem com- 
mon to all discrete dependent variable estimation. Thus 
any one restriction on the coefficients of the switching 
equation cannot be tested as it would only constitute a 
normalization. It is possible to perform a Wald test if 
there is more than one constraint, but the. test is not 
invariant to the normalization chosen. In all cases re- 
ported below, the results of the Wald test were inconclu- 
sive since the Wald test rejected the null hypothesis for 
some reasonable normalizations but not for others. 

> We are imposing three constraints, but we also relax 
‘the normalization that the variance of the switching 
equation equals one. Thus there are only two degrees of 
freedom. 
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between their corresponding coefficients in 
the primary and secondary wage equations 
(x? =14.56, 1 percent critical value for one 
degree of freedom = 6.63). We are left with 
three potential explanations for our results. 
First, highly educated workers prefer sec- 
ondary employment more than less-educated 
workers. This hypothesis seems unlikely. We 
would expect more-educated workers to be 
more averse to the poor working conditions . 
of secondary employment. Shulamit Kahn 
(1983) finds that the demand for occupa- 
tional safety increases with education. A sec- 
ond explanation is that blacks are less averse 
to secondary jobs than are whites, but this 
runs counter to evidence that blacks are more 
likely to support unions in representation 
elections (Henry Farber and Daniel Saks, 
1980; Dickens, 1983), are less likely to quit a 
job (W. Kip Viscusi, 1979), and have greater 
demand for occupational safety than equiv- 
alent whites (Kahn). Primary jobs are more 
likely to be unionized, and offer more stable 
employment and better job safety. If we 
cannot accept these other two explanations, 
we are forced to conclude that blacks face 
noneconomic barriers to employment in the 
primary sector. At the present time there is 
no formal way of establishing which of these 
three explanations is correct. However, since 
the first two hypotheses appear to be incon- 
sistent with other studies of the demand for 
job quality, the most reasonable explanation 
is the last—blacks are discriminated against 
when seeking primary employment. 

If we accept the dual market hypothesis, 
we may use the model to determine the 
composition of the primary and secondary 
sectors.® According to our estimates, about 
12 percent of working male heads of house- 
holds are employed in the secondary sector. 


A straightforward application of the Bayes theorem 
gives the result that the probability that worker i is in 
the primary sector conditional on the observed wage 
and personal characteristics is 


Pr(ewi > ~ ZiTIZj Xis £pi )F (Epi) 
Pr(e,> — Z271Z;. Xir Ept) (Epi) + PF ews — ZZi Xj. es) (es) 








where the notation is described in the Appendix. The 
percent of workers is estimated by computing the aver- 
age value of the probability of primary sector attach- 
ment for all workers. 
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TABLE 2— COMPOSITION OF SAMPLE AND SECONDARY SECTOR 
Unrestricted Model? 
Percent of - Percent of RPE A 
Percent of Secondary Workers in each Restricted Model i 
Sample in ` Sector Workers Category in Percentof Percent in 
Category in Category Secondary Sector Secondary Secondary 
SMSA 66.9 55.3 10.3 46.7 7.9 
Not SMSA , 33.1 44.7 16.8 53.3 i 18.3 
Married 91.8 89.5 12.1 90.9 11.2 
Not Married 8.2 10.5 . 15.9 9.1 12.6 
Education <12 19,9 28.4 17.8 26.1 14.9 
Education =12 -398 40.2 12.5 39.9 11.4 
Education >12 . 40.3 - 31.4 9.7 34.0 9.6 
White 90.6 76.3 10.5 84.9 10.6 
Nonwhite 9.4 23.7 31.1 15.1 18.2 
Age . 
<25 139 ; 21.4 19.1 20.6 16.8 
25-29 20.8 19.2 11.5 19.2 10.5 
30-39 29.8 >- 22.6 9.4 23.2 8.8 
40-49 : 14.4 12.6 10.8 12.5 9.8 
50-59 15.7 11.6 9.2 11.3 8.2 
60+ 5.3 -126 29.5 13.2 28.1 
Total ; 12.4 11.3 


@Numbers in columns for both models were estimated using the formula described in fn. 6. 


This seems large, especially since we would 
expect a sample containing teenagers, wom- 
en, and the unemployed to have a higher 
‘proportion of ‘secondary workers. Table 2 
shows the makeup of the sample and the 
secondary market. It also shows the percent 
of each type of worker in the secondary 
market. Since many of the parameters of the 
switching model are estimated with a great 
deal of error, we also estimated a restricted 
model (parameter estimates are shown in 
Table 3) where the wage equation in the 
secondary sector was constrained to be flat 
‘and education and marital status were re- 
moved from the switching equation. (A like- 
lihood ratio test fails to reject the constraints. 
at the .1 level.)’ Both models show the same 
- pattern evident in the parameters of the 
switching equation: workers in SMSAs, mar- 
ried workers, more educated workers, and 
whites are less likely to be.in the secondary 
. sector. In addition, heads of household less 


7Again we note that the measured returns to school- 
ing and education in the primary sector are larger than 
in the OLS equation. Also, the “discrimination coeffi- 
cient” is roughly 40 percent smaller. 


TABLE 3— ESTIMATES FOR RESTRICTED MODEI? 


Variable Primary Secondary Switching 

Constant . 887 1.22 -503 
(.073) (093) (281) . 

SMSA 108 s o T a537 
(.026) (132) 

Never married —.288 F a 
(037) , 

School 069 $ £ 
(004) . 

White -083 $ .433 
(043) (22N 

Experience .013 S s 

. ; (.001) 

Log-Likelihood —1069.1 . i 

SE 3773 4098 22 


- 8Standard errors are shown in parentheses; depen- 
dent variable: log of hourly wage. ; 

b Normalized to 1. 

“Constrained to zero. 


than 25-years old or 60-years or older are 
disproportionately in the secondary sector. - 
Finally, we examine how sharply the model 
distinguishes bétween workers in the primary 
and secondary sectors. Figure 4 shows the 
distribution of predicted ‘probabilities of 


being in the primary market. The. distribu- 
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Number of Workers 
1,500 1,338 








O 10 20 30 40 50 60 70 80. 90 100 
Percent Probability of Being in Primary Sector 


FIGURE 4. PREDICTED PROBABILITY OF BEING IN 
PRIMARY SECTOR— FREQUENCY DISTRIBUTION 
OF NUMBER OF WORKERS (SAMPLE SIZE: 1,696) 


tion is distinctly bimodal, with the two modes 
of 0-10 and 90-100 percent probability. 
There is a large group of workers who are 
_ clearly identifiable as being in the secondary 


sector, and a larger group with a high prob-- 


ability of being primary workers. It appears 
that there is a distinct secondary sector which 
the model can identify. 

IV. Conclusions 


Our results provide strong support for two 


of the basic tenets of dual market theory: . 


there are two distinct sectors of the labor 
market with different wage-setting mecha- 
nisms, and there is a queue for primary 
sector jobs. We believe that our approach 
and results represent a considerable advance 
over previous research in this area. By allow- 
ing the distribution of wages and worker 
attributes to determine our “assignment” of 
workers to sectors, we avoid the problems of 
arbitrariness and sample selection bias that 


complicate the interpretation. of earlier re- 
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search. In addition, our approach allows 
us to estimate the size and composition of 
the secondary work force in a noncircular 
manner. S . 

Of course, we cannot exclude other inter- 
pretations of these results that postulate dif- 
ferent distributions of the error term, or some 
unusual nonlinear functional form for the 
wage equation. While we cannot deny these ` 


` possibilities, we suggest that in the absence 


of our results, such a distribution would not 
be suggested. It was dual market theory that 
led to our test, and the results therefore tend 
to corroborate that theory. 

Given the strength of. the reactions (deify- 
ing or executing the messenger) of some of 
the individuals with whom we discussed pre- 
liminary results, it is important to take stock 
of exactly what it is that we-have and have 


“not shown. Piore (1983) suggests that the 


strength of opposition to dual market theory 
is due, in part, to the use of participant 
observer techniques rather than econometric 
techniques that are more common in main- 
stream economics. We have shown that the 
dual market hypothesis can be derived and 
supported from standard data and statistical 
techniques. It. is, however, unlikely that ` 
standard approaches would have uncovered 
labor market duality, a fact that suggests 
that there is a role for other méthods in 
mainstream economics., 


. On the other hand, the fact that we can 


test dual market theory using mainstream 
techniques suggests that the.two theories are 
not as incompatible as would appear from 
the antagonisms in the profession. We have 
already suggested that neoclassical econom- 
ics makes few assumptions regarding the na- 
ture of technology. -It is relatively straight- 
forward to develop a model in which a high 
fixed cost/low variable cost technology is 
used in the “stable” demand sector and a 
low fixed cost/high variable cost technology 
is used to accommodate fluctuations in de- 
mand. Piore (1980b) gives a verbal descrip- 
tion of such a theory and Elie Appelbaum 
and Chin Lin (1982) present a formalization. 
It is a direct consequence of human capital 
theory that workers and firms will invest 
little in firm-specific training if the worker is 
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not expected to remain with the firm for very 
long. Thus the existence of two markets with 
distinct wage profiles can be easily accom- 
modated by mainstream theory. 

Similarly, whilé when first proposed, the 
__ view that there is a queue for primary sector 
jobs may have appeared to be incompatible 
with neoclassical theory, there are an increas- 
ing number of imperfect information models 
which imply that there can be a queue for 
jobs. In particular, Andrew Weiss (1980), 
Steve Stoft (1982), Carl Shapiro and Joseph 
Stiglitz (1984), and Samuel Bowles (1985) 
have developed models in which job queues 
arise in firms in which there are unobserved 


skills or effort. Thus there could well be a ` 


queue for primary sector jobs. If there are 
few skill differences in secondary sector jobs, 
there would be no queues for them. 

While these models are compatible with 
queues, we have presented evidence that 
rather than allocating jobs randomly, primary 
sector employers discriminate against non- 
whites. This may appear to be incompatible 
with neoclassical ‘economics. However, dis- 
crimination is an anomaly which remains to 
be explained, whether or not one accepts 
dual market theory. In fact, these results may 
help to explain the existence and persistence 
of discrimination. According to the point 
estimates presented in the last section, more 
than 40 percent of white-nonwhite wage dif- 
ferences can be explained in the restricted 
model by the fact that nonwhites are crowded 
into the secondary sector, while in the unre- 
stricted model the within-sector differential 
is zero. If a queue for primary jobs exists 
because wages are at least partially socially 
determined (George Akerlof, 1982), primary 
employers with a “taste” for discrimination 
may indulge it by hiring fewer nonwhites 
from the queue without sacrificing profits. 
No economic incentive exists for the elimina- 
tion of this sort of discrimination. If, on the 
other hand, the queue results from “eco- 
nomic” causes such as unobservable skills or 
effort, the usual result that competition 
should eliminate discrimination applies, and 
its existence continues to present theoretical 
difficulties. 

We do not wish to imply that there are no 
incompatibilities between dual market theory 
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and neoclassical economics. For example, 
dual market theorists have generally assumed 
that preferences are endogenous, a position 
strongly resisted by most mainstream econo- 
mists despite some exceptions. 

Perhaps more important, dual market the- - 
orists have developed very elaborate theo- 
ries of the origin and operation of labor mar- 
ket institutions which are rich in historical 
detail. These descriptions are quite remote 
in many ways from the neoclassical descrip- 
tion of the labor market. However, we have 
not attempted to test these aspects of dual 
market theory (Reich, 1984, does). 

Finally, we call the reader’s attention to 
the title of this paper. We have chosen to 
refer to our work as a test of dual market 
theory rather than as a test of human capital 
theory because, in our view, dual market 
theory is not necessarily incompatible with 
standard neoclassical analysis. Our results 
therefore point: to the need for additional 
work to understand the origins of these in- 
stitutions rather than to abandon the neo- 
classical model of the labor market. In 
addition, our results point to the value of 
noneconometric techniques for uncovering 
and understanding labor market institutions. 


APPENDIX 


Estimation of the Switching Model 
with Unknown Regimes 


Consider the system composed of wage 
equations for each sector and an equation 
determining “tendency to be in the primary 
sector”: 


(A1) i In W; = Xb, + Epis 
(A2) InW,= Xb, +8, 
(A3) ye = ZT + Epi 


where W, is the individual’s wages, X; and 
Z, are vectors of explanatory variables, B,, 
B. and T are vectors of parameters, € p Ep 


and ¢,, are normally distributed error terms, 


For example see Piore (1980a), Richard Edwards 
(1979), and Gordon, Edwards, and Michael Reich (1982). 
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and y* is a latent variable measuring tend- 
ency to be in the primary sector. Equation 
(A1) is the wage equation if the individual is 
- in the primary sector; (A2) is the wage equa- 
tion if the individual is in the secondary 
sector; and (A3) is the switching equation. 
We do not observe y*. However, if y* > 0, 
the individual’s wage is determined by (A1); 


otherwise it is determined by (A2). Equiv- 


alently, the individual works in the primary 
sector if and only if 
(A4) eu> ZI. 


The likelihood function for the problem is 
therefore given by 


(AS) Pr(e,,>—Z,T|Z,, Xn Epi) f (Epi 
i Esi) f(&;) 
where f() is the density of the error £, or ¢,. 


If we assume that ¢,, €, and e, are nor- 
mally distributed, the logrikeihood is thus: 


+Pr(e,,,< — Z,T|Z,, X, 





(A6) 
re -ZT a 
PP 
E i {1- |] ——* | -6(¢,,,0))) 
oe 1 | l 
Opp 
- ZT — e 





SS 
+@ © aS "O (Esis Oss) 
= 
Oss 

where $(-) and ®(-) are the normal densi- 
ty and cumulative distribution, respectively, 
and o;, is the covariance of ¢,;; and Ep; Oww 
is normalized to equal one. Maximum likeli- 
hood estimates for T, £,, 8,, and the o’s can 
be obtained using standard search algo- 
rithms provided that care is taken to prevent 
the program from iterating into regions for 
which the likelihood furiction is unbounded. 


It is easy to see that if 8, equals 8,, and 
Opw equals os, then ep; equals és; and the 
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likelihood function reduces to the standard 
normal density. It is therefore possible to test 
for the existence of two regimes by com- 
paring the log-likelihood values for OLS and 
unknown regime estimates by performing a 
likelihood ratio test. 

The likelihood functions used here were 


maximized using the Ernst Berndt et al. 


(1974) algorithm. While the nonlinearity of 
the system made convergence difficult, we 
did not experience any difficulties with un- 
boundedness. All unconstrained specifica- 
tions converged to interior solutions from 
OLS starting values. 
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Unbalanced Growth Revisited: Asymptotic stagnangy 
and New Evidence 


By WILLIAM J. BAUMOL, SUE ANNE BATEY BLACKMAN, AND EDWARD N. WoLFF* 


Some years ago, Baumol (1967) presented 
a model of unbalanced growth in which an 
oversimplified economy was divided into 
productivity growth sectors, one “stagnant” 
and one “progressive.” It was argued that 
relative costs and prices in the stagnant sec- 
tor would tend to rise persistently and 
cumulatively, and that if the output propor- 
tions of the two sectors happened to remain 
fairly constant, the share of the economy’s 
inputs used by the stagnant sector and the 
share of consumer expenditure devoted to 
outputs of the stagnant sector must both rise 
toward 100 percent. Finally, it was con- 
cluded that the net result must be a ceteris 
paribus decline in the economy’s overall pro- 
ductivity growth rate. 

Since then a variety of pertinent empirical 
materials and some further analysis have 
suggested that the model needs modifica- 
tions, some of them of interest in themselves. 
But the behavior of prices, input-use pat- 
terns, and consumer outlays have followed 
the model’s scenario to a remarkable degree. 


I. Manifest Destiny of Relative Costs 
and Sectoral Inputs 


In this paper we show that Baumol’s earlier 
equation of the service sector of reality with 
the stagnant sector of the model requires 
modification. But there is a subclass of the 
services that is a better approximation to the 
model’s stagnant activities. We also intro- 
duce a third set of economic activities, that 
we label “asymptotically stagnant,” which 


*Baumol: Princeton and New York. universities; 
Blackman: Princeton University; Wolff: New York Uni- 
versity. We are extremely grateful to the Division of 
Information Science and Technology of the National 
Science Foundation, the Exxon Education Foundation, 
the Fishman-Davidson Center for the Study of the 
Service Sector, and the C. V. Starr Center for Applied 
Economics at New York University for support of the 
research reported here. We also thank David Dollar for 
his valuable suggestions. 
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are neither completely stagnant nor progres- 
sive. They use, in fairly fixed proportions, 
some inputs from the progressive sector and 
some from the stagnant sector. We will show 
that in their initial phases such activities are 
often outstanding in their rapid productivity 
growth and declining costs. However, with 
the passage of time, the cost and price behav- 
ior of these asymptotically stagnant activities 
necessarily approaches that of the stagnant 
sector. 

We will also examine the empirical evi- 
dence relating to the model, showing that: 

(i) In real terms, there happens to have 
been little shift in output shares between 
manufacturing and the services, not only with 
time, but with increasing wealth as one goes 
from less developed to industrialized coun- 
tries. The model does not predict this, but 
the trend is not inconsistent with it. 

(ii) As the model predicts, with these 
constant output proportions there was a 
marked simultaneous rise in relative prices 
and share of total expenditure on the services 
both with the passage of time and with in- 
creased industrialization. 

(iii) The service sector happens to con- 
tain some of the economy’s most progressive 
activities as well as its most stagnant. 

(iv) As the model predicts, the U.S. 
labor force has been absorbed predomi- 
nantly by the stagnant subsector of the 
services rather than the services as a whole. _ 

(v) Television broadcasting and elec- 
tronic data processing are examples of 
asymptotically stagnant activities, and the 
empirical budget and cost patterns for these 
activities are perfectly consistent with the 
model’s predictions. 


Il. Basic Results on Stagnant and 
Progressive Outputs 


Before summarizing the basic propositions 
to be evaluated empirically, we emphasize 
two crucial qualifications. First, the model is 
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obviously a gross oversimplification. Out- 
puts, firms, and industries do not fall into 
black and white categories of stagnancy and 
progressivity—-they are all shades of gray. 
Even the most stagnant sectors of the econ- 
omy have undergone some technological 
change, varying from one period to another. 
Second, an activity which is, say, relatively 
stagnant need not stay so forever. It may be 
replaced by a more progressive substitute, or 
it may undergo an outburst of innovation 
previously thought very unlikely. Thus, there 


may be radical changes in the time paths’ 


predicted by the model. History shows the 
folly of predicting that some field of en- 
deavor is beyond human inventiveness. When 
we speak of manifest destiny here, our claim 
is more modest. We merely maintain that 
things must go as predicted only so long as 
there is no major qualitative change in the 
distribution of innovation among industries. 

The earlier paper on unbalanced growth 
provided some basic propositions whose 
proofs can now be generalized considerably. 
However, here we merely restate them and a 
few corollaries: 

1) With the passage of time, the cost per 
unit of a consistently stagnant product (for 
example, live concerts) will rise monotoni- 
cally and without limit relative to the cost of 
a consistently progressive product (for exam- 
ple, watches and clocks). 

The reason for this phenomenon, which 
has been called the cost disease of the stag- 
nant services, is obvious—the growing rel- 
ative productivity of a more progressive 
output means that it will use relatively smal- 
ler and smaller input quantities per unit of 
output as time passes. 

2) If the output ratio of a stagnant toa 
progressive product (the number of concerts 
performed divided by the number of watches 
produced) happens to remain constant or 
does not fall, the share of the combined 
inputs used by the stagnant activity must rise 
without limit. 

This, too, is a tautology, since the progres- 
-sive output must by definition employ rela- 
tively less and less input per unit of output, 
and the relative decline in its input use must 
compound with the passage of time. 

3) If relative prices correspond to rela- 
tive unit costs and if the ratio of the stagnant 
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to the progressive output does not fall, then 
relative expenditure on the stagnant product 
must rise monotonically with time. 

An example will make this clear and sug- 
gest the magnitudes that may be involved. 
Between the 1670’s and the 1970’s, the out- 
put per watchmaker in Geneva is estimated 
to have risen from about 12 watches to over 
1,200 watches per year. Purcell wrote Dido 
and Aneas in the 1680’s and today it takes as 
many person-hours and instruments to per- 
form live as it did then. Hence, if the ratio of 
watches produced to performances of Dido 
had remained. exactly the same, both the 
relative input quantities devoted to the musi- 
cal performance and the relative expendi- 
tures on the performances must have risen 
about one-hundredfold. 

From all this we conclude: . 

4) In an economy in which the produc- 
tivity growth rates of the different sectors are 
unequal, it is impossible for both the output 
ratios and the input ratios to remain con- 
stant. 


HI. On Asymptotically Stagnant Activities 


We come now to our third type of activity 
which was not included in the earlier 1967 
model. These are the asymptotically stagnant 
activities like TV broadcasting and data 
processing that we think of as outstandingly 
progressive, but whose progressivity, as we 
will show, carries the seeds of its own de- 
struction. 

A pure asymptotically stagnant activity is 
one that uses in fixed proportions one group 
of inputs produced by progressive activities 
and another set of inputs produced by stag- 
nant activities. A prime example is television 
broadcasting with, roughly, one hour of its 
progressive component (electronic transmis- 
sion) required for one hour of its stagnant 
input (performance or program production). 
Characteristically, these. are “high tech” in- 
dustries, at the frontier of technical progress. 

These activities are noteworthy for their 
behavior patterns. In their early stages, when 
progressive inputs dominate their budgets, 
their costs and prices fall rapidly, like those 
of progressive activities. Later, their fixed 
input proportions and the rapid fall in the 
relative prices of their progressive inputs in- 
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evitably give the stagnant inputs an ever-ris- 
ing share of the total budget of the asymptot- 
ically stagnant activity, as a simple matter of 
arithmetic. For example, if the progressive 
input’s cost is initially 80 percent of the 
budget and falls 25 percent per year, while 
the stagnant input is 20 percent of the bud- 
get and rises 6 percent per year (these, as 
we will see, are approximate figures for data 
processing), a pocket calculator will confirm 
that in just about ten years the budget pro- 
portions must be reversed, with the stagnant 
output now about 80 percent of the total. 
Third, as the stagnant component must come 
to dominate the activity’s budget, its output 
cost and price must approach those of its 
stagnant component, and therefore have to 
rise, succumbing to the cost disease. Finally, 
the date when the activity sheds its progres- 
sive characteristics comes more quickly the 
more rapid the decline in the price of its 
progressive component. This is so because 
the more spectacularly successful is produc- 
tivity enhancement in the production of the 
progressive inputs, the more rapidly they will 
distinguish themselves as significant compo- 
nents of the asymptotically stagnant activity’s 
budget and, consequently, the more rapidly 
the relative cost of this activity must begin to 
rise. 

These results can also all be derived via 
formal mathematics, but this is not the place 
to do so. 


IV. Empirical Evidence from the U.S. Economy 


We turn now to our empirical evidence—to 
test the implications of the basic model of 
unbalanced growth, and the asymptotic 
stagnancy construct. The first of these tasks 
requires classification of the actual sectors of 
the economy into progressive and stagnant 
categories, a division that is inevitably some- 
what arbitrary. We base the classification on 
input and output data for the U.S. economy 
for 1947-76, since consistent national ac- 

` count data and input-output tables are avail- 
able. A variety of measures of productivity 
growth rates were used to test the sensitivity 
of our classification scheme. 

In Table 1, column 1: shows calculations of 
annual (compounded) rates of labor produc- 
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tivity growth using the official National In- 
come and Product Accounts... (BEA, 1981).1 
The corresponding sectoral productivity con- 
cept is gross product originating (GPO) per 
person employed, and that of aggregate pro- 
ductivity is the ratio of gross domestic prod- 
uct (GDP) to total persons employed. The 
average annual rate of aggregate productivity 
growth was 2.16 percent over the period. 
Sectoral rates of productivity growth ranged 
from a high of 5.42 percent in communica- 
tions and broadcasting, a service sector, to a 
low of —0.51 percent in government enter- 
prises. Though there is a fairly wide spread 
in sectoral rates of productivity growth, there 
also appears to be a sharp break between the 
construction sector at 1.66 percent and the 
narrowly defined “general services” sector at 
0.93 percent. By this criterion and these data, 
four sectors are stagnant: services (0.93 per- 
cent); finance and insurance (0.50 percent); 
government industry (0.31 percent); and 
government enterprises (—0.51 percent). 
Productivity growth in the remaining sectors 
was fairly rapid, putting them in the progres- 
sive group. Note that this group includes 
three service sectors: communications; trade; 
and real estate.” 

The second column of Table 1 uses gross 
domestic output (GDO) in constant dollars 
as its sectoral output and number of persons 
employed as its labor input. GDO in con- 
stant dollars, an input-output concept, equals 
gross value of a sector’s output or sales de- 
flated by the sectoral price deflator. The new 


1Here, as the total value of goods and services pro- 
duced domestically, irrespective of-ownership, GDP is 
actually preferable. The level of industry disaggregation 
was determined by the available statistics for the period. 
The output variable is gross product originating (GPO) 
in constant (1972) dollars. GPO in constant dollars is 
defined as the difference between the deflated value of 
output and the deflated value of interindustry inputs. 
The input concept is “persons engaged in employment” 
(L), defined as the sum of the number of full-time- 
equivalent employees and self-employed workers. This is 
perhaps the best available measure of labor input. 

2 The real estate data must be interpreted cautiously, 
since part of the “output” is the rent imputed to owner- 
occupied housing. However, where imputed rent enters 
official GNP and GDP statistics, the reported rate of 
productivity growth in real estate is the appropriate 
datum. 
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TABLE 1—AVERAGE ANNUAL RATE OF PRODUCTIVITY GROWTH BY SECTOR, 1947-767 
Measure 
GPO/L GDO/L "p CA 
Industry ' a) (2) (3) (4) 
1. Agriculture 3.59 4.47 1.56 3.95 
2. Mining 2.70 2.76 0.08 1.38 
3. Construction , . 1.66 1.19 —0.34 1.49 
i4, ‘Manufacturing-Durables 2.52 2.80- 0.58 3.08 
5. Manufacturing-Nondurables 3.21 3.23 0.41 2,56 
6. Transportation and Warehousing 1.74 2.74 0.68 2.42 
7. Communication and Broadcasting ‘5.42 5.50 3.99 5.21 
8. Utilities 4.96 4.77 1.53 2.96 
9. Trade 2.17 1.09 2.19 
a,’ Wholesale Trade 2.37 
b. Retail Trade 1.99 
10. Finance and Insurance 0.50 0.31 ~0.27 0.57 
11. Real Estate 2.72 3.10 1.21 4.86 
12. General Services 0.93 
a. Hotels, Personal and Repair . 1.37 —0.31 1.35 
(except auto) 
b. Business and Professional Services 1.70 0.83 2.30 
c. Auto Repair and Services : 1.45 — 0.84 1.04 
d. Movies and Amusements 0.99 ~ 0.56 0.64 
„e. Medical, Educational and Nonprofit — 0.46 ~1.14 — 0.19. 
f. Household Workers —0.21 —0.21 —0.21 
13. Government Enterprises —0.51 1.10 —0.52 0.99 
14. Government Industry 0.31 —0.18 "0.08 —0.18 
Overall: GDP 2.16 
GNP ‘ 2:18 1.17 2.18 





Sources: Col. 1: BEA, The National Income and Product Accounts: of the United States, 1929-76 Statistical. Tables, 
September 1981, Tables 6.2 and 6.11. Col. 2: GDO for 1947 was obtained from the standard 87-order BEA 
input-output table for 1947; GDO for 1976 was obtained from BLS, Time-Series Data for Input-Output Industries, 


Bulletin 2018, 1979. Cols. 3—4: U.S. input-output data. See fn. 4 for details. 


*Shown in percent. 


estimated rates of sectoral productivity 
growth differ somewhat from those in col- 
umn 1, though the rank orders are quite 
close. The major exception is the construc- 
tion sector, whose 1.19 percent rate now 
places it in the. stagnant category. The 
input-output data also permit disaggregation 
of. general services into six subsectors, as 
shown in Table 1, and evaluation of their 
degrees of stagnancy. The range of sectoral 
productivity growth rates of these subsectors 
is fairly wide, though they all lie below the 
economy’s 2.18 percent rate. The last three 
subsectors in this group all seem clearly to be 
stagnant. The first three are more marginal, 
though we will, somewhat arbitrarily, draw 
the line between business and professional 
services (1.70 percent) on the one hand, and 
hotels, personal and repair services (1.37) 


and auto services (1.45 percent) on the other, 
placing only the former in the progressive 
group. 

Our third measure of productivity growth 
rates requires several symbols to describe the | 
input-output framework. Let X = (column) 
vector of gross output by sector; Y= 
(column) vector of final demand by sector; 
a= matrix of interindustry technical coeffi- 
cients; /= (row) vector of labor coefficients; 
k = (row) vector of capital stock coefficients; 
and p= (row) vector of prices showing the 
(current) price per unit -of output of each 
industry. In addition, we use the following 
scalars: w = 
dollars; r = the rate of profit on the capital 
stock; y = pY =GNP at current prices; L = 
IX = total employment; and K =kX= total 
capital stock. : 


the annual wage rate, in‘current .. 
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The aggregate rate of total factor produc- ` 


tivity (TFP) growth i is given by 
(1) p=(pdY¥-wdL-rdK)/y, 


where d refers to the differential. The rate of 
TFP growth for sector j is given by 


(2) p= -(E pda; + wal, + rdk,)/P, 
F . 


This is the continuous analog of Wassily 
Leontief’s 1953-measure of sectoral technical 
change.’ 

The U.S. input-output data for 1947 and 
1976 were used to estimate this third set of 
growth rates (col. 3, Table 1).4 The TFP 


- 3Also, see William Peterson (1979) and Wolff (forth- 
coming) for more details. Because discrete time periods 
are employed, a Turnquist-Divisia Index is used to 
estimate sectoral and the overall rate of TFP (see Frank 
Gollop and Dale Jorgensen, 1980, or Wolff, forthcom- 


ing). . l 

She 1947 input-output table is the standard 87-order 
Bureau of Economic Analysis (BEA) version. (See, for 
. example, BEA Survey of Current Business, 1974, for 
methods and a listing of sectors.) The 1976 table was 
estimated using the so-called R.A.S. method on the 1972 
table, with.the gross domestic output figures in Bureau 
of Labor Statistics (BLS, 1979a). Estimates of the total 
capital stock in each input-output sector appear in BLS 
(1979b). Full capital coefficient matrices for 1947 were 
obtained from the Brandeis Economic Research Center 
(BERC); sectoral 1947 depreciation rates from BERC; 
and those for 1976 estimated from Internal Revenue 
Service Corporation, Tax Returns. Sectoral price indices 
for 1947 were provided by BERC and for 1976 by the 
BEA, Additional details on data sources and methods 
are available from the authors. 


The accounting framework was then modified as 


, follows: 1) An “endogeneous export column” was 
created to balance the noncompetitive import row (sec- 


tor 80). 2) For the estimation of Marxian labor val-. 


ues, the depreciation row that is normally part of valué- 
added was treated as an endogenous input row (sector 
88), and an “endogenous capital replacement” column 


was included to balance this row.. 3) Five sectors (re- . 


search and development (74), business travel (81), office 
supplies (82), scrap and used goods (83), and inventory 
valuation adjustment (87)) appeared in the 1947 table 
but not in the 1976 table. In order to assure consistency 
of the accounting framework, these sectors were 
eliminated from both gross and final output in 1947 by 
distributing their inputs to other sectors. 4) Indirect 
business taxes in value-added were eliminated in order 
to remove the biasing éfféct of indirect business taxes on 


relative prices. 5) The input-output matrices were finally- 


. -converted to constant (1958) prices by multiplying each 
row -of the matrix by the appropriate sectoral price 
deflator. For details, see Wolff (forthcoming)... 
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measures were all lower than the correspond- 


` ing labor productivity Measures since capi- 


tal-labor ratios were increasing. The overall 


“rate of TFP growth was 1.17 percent per 


year, about one point lower than that of 
labor productivity, and the sectoral rates be- 
haved similarly. Their relative magnitudes 
were virtually unchanged, except for mining.°, 
By this measure, the line between the pro- 
gressive and stagnant categories -was drawn 
between nondurable ‘ manufacturing (0.41 
percent), and government industry and the 
mining sector (both at 0.08 percent). 

So far, our productivity measures evaluate 
productivity improvements within any one 
sector; one can also examine the changes in 
total input usage, direct and indirect, per 
unit of a sector’s output. This also reflects 
productivity growth of the sector’s input sup- 
pliers. One such total factor requirement 
measure (reported in col. 4, Table 1) is À, 
which shows the total (direct plus indirect) 
labor requirements per unit of final output: 


6) A=I(1-a)™. 


Productivity growth based on A: is quite 
similar to the figures in column 2, Table 1, 
since changes in total factor requirements are. 
dominated by those in direct factor require- 
ments.° The classification of sectors uses cut- 


*This reflects a large postwar’ influx of ‘ capital 
equipment into mining and increases in intermediate 
inputs. ‘The mining sector is rather different from a more 
standard stagnant sector, since it is a process industry. 
whose output is not directly related to its labor (or 
capital) input. Its low rate of TFP growth i is attributable 
primarily to the nature ‘of. extraction, in which more 
accessible ores and petroleum are mined first and less 
accessible deposits later, The increasing difficulty, of 
mining would have yielded a negative growth rate in 
TFP if technology’ had remained constant. The fact that 
TFP- growth was zero in this sector over the period 
1947-76 ‘suggests that technical change.(or the pics 
of new accessible deposits) did occur. 

© Three other measures were also used. The first, Ans 
differs from col. 4° only in A’s Marxian accounting 
framework. Capital, as'a produced means of production, 
is valued by its depreciation rate (see Wolff, 1979). The 
second is‘p*, the total factor requirement analog of. p: 
Let y=k(I~a)~* be the total capital requirements 
per unit of final output. Then the rate of change of total , 
factor requirements per unit of final output ‘can be 
estimated from p* = —(wdA,;+ rdy,;)/p;. The third 
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TABLE 2— SHARE OF EMPLOYMENT AND OUTPUT IN STAGNANT SECTOR, 1947 AND-1976? 
err oe : Measure 
ie a GPO/L GDO/L z P A 
a) (2) . 6) (4) 
A. Stagnant Sectors: ` 
2. Mining x x 
3. Construction ; i x x x 
10. Finance and Insurance. x x x x 
12.’ General and Seivices ` i a 
a. Hotels, Personal and - 
Repair (except auto) x x x x 
b. Business and Professional _- -, x , 
c. Auto Repair and Service x x x 
d. Movies and Amusement x. x x x 
e. Medical, Educational oe 
- and Nonprofit x x x x 
f. Household Workers x x x x 
13. Government Enterprises x x x x 
14. Government Industry aX, x x x 
B. Annual Prod. Growth Rate, 1947-76: 
a. Progressive Sectors (all) 2.94 3.04 ` 1.09 2.92 
b. Stagnant Sectors 0.64 0.56 — 0.84 0.73 
c. Progressive. Service Sectors 2.71 2.79 1.63 2.79 
d. Overall 2.16 2.18 1.17 2.18 
C. Percent of Employed Persons i in 1 Stagnant Sectors: Ta . 
‘a. 1947 27.6 30.7 32.4 32:4 
b. 1976 ; 41.2 42.0 43.0 43.0 
D. Stagnant Sector Share of Final Output (1958 $): vot , 
a. 1947 21.4 31.2 31.5 31.5 
b. 1976 21.2 29.2 28.9 28.9 
E. Stagnant Sector Share of Final aaa (Current $): 
a. 1947 . r 17.9 26.8 ‘27.0 7.0 
b. 1976 29.9 38.6 38.1 38.1 
F. Stagnant Sector Share of GDO (1958 $): . ‘ ; ; 
a. 1947 16.8 21.9 24.2 24.2 
b. 1976 . : 16.8 19.8 * 213 21.3 
G. Stagnant Sector Share of GDO (Current $): ` i 
a. 1947. ; 13.7 18.3 20.4 20.4 
b. 1976 i 22.9 24.5- 26.7 26.7 
H. Percent of Employed Persons in Progressive Services: b i 
a. 1947 21.3 23.5 23.5 23.5 
b. 1976 22.5 26.7 26.7 26.7 


*Panels B—H results are shown in percent. 


>In col. 1, progressive services are defined as communications and broadcasting, trade, and real estate. In 
cols. 2—4, they include the same three sectors and, in addition, business and professional services. 


off points of 2.19 percent for the progressive 
category and 1.49 percent for the stagnant 
category, and is identical with that of column 
2, except that the mining sector now falls 
into the stagnant category. 


measure uses the rate of change in the (real) relative 
price of a sector’s-output to measure its relative rate of 
productivity growth. All three measures yielded the same 
classification scheme as shown in cols. 3 and 4 of Tables 
1 and 2. 


In Table 2, X indicates that a sector is 
classified as stagnant according to the mea- 
sure of productivity growth (panel A). The 
average annual rate of productivity growth 
for the two aggregated sectors are shown in 
panel B.’ 


7It should be noted that the overall level of produc- 
tivity growth corresponding to A,, is the ratio of NNP 
to employment, since depreciation is treated as endog- 
enous. The rate of growth is lower than that of GNP per 
worker. 
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V. Tests of the Model’s Basic Implications 


- We are now in a position to test as hy- 
potheses the main implications of our model. 
The first of these is the cost disease predic- 
tion that relative prices of the stagnant sec- 
tor’s outputs will rise at about the same rate 
as the shortfall in its rate of productivity 
growth. This is indeed confirmed by the 
data. By the measures of Table 2, the rate of 
productivity growth of the stagnant sector is 
from about two to two and one-half per- 
centage points below that of the progressive 
sector. Independently selected price data 

_ Show that the price of stagnant output rela- 
tive to progressive output increased at about 
2 percent per year. 

The next hypothesis is not an implication 
of the model, but was previously only a 
casual observation. This is the view that in 
real terms output shares have remained con- 
stant over time. This was examined using 
both final output and GDO shares (panels D 
and F, Table 2). The classification scheme of 
column 1 tells us that the real output shares 
remained constant over the period in terms 
of both final output and GDO. The other 
definitions, however, indicate a slight decline 
in the stagnant sector’s real share of final 
demand and gross output. 

We can now examine the other two main 
implications of the model. The first is that, 
since output shares have been fairly con- 
stant, the share of employment in the stag- 
nant sector will rise over time. By all four 
definitions, the share of employment in the 
stagnant sector rose by over ten percentage 
points over the period and, by the first def- 
inition, by almost fourteen percentage points 
{panel C). The third basic prediction of our 
model is that, with output shares roughly 
constant in real terms, the share of output 
produced by the stagnant sector will rise in 
nominal terms over time. This is confirmed 
in panels E and G, which exhibit i increases 
that range from 6 to 12 percent.’ 


8 Both sectoral values of p are below the overall rate 
of TFP growth. This is correct, because as demonstrated 
in Peterson, p =2,(p;X;/y)p;, the ratio of total GDO 
to total final output (in current dollars) is about 2.0 in 
both years. 

>We also found that the share of total capital stock in 
the stagnant sector declined by about five percentage 
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One final set of implications of the model 
can also be tested. As has been shown, the 
service sector includes both progressive and 
stagnant industries. In panel B, we have 
calculated separately the rate of productivity 
growth for progressive services. We find that 
the progressive services experienced slightly 
lower rates of growth of labor productivity 
than progressive goods producers but higher 
rates of total’ factor productivity growth. 
Moreover (panel H), we find that while em- 
ployment in progressive services increased 
over the 1947-76 period, it rose very mod- 
estly, as our analysis might lead us to expect. 
Thus, progressive services behaved very 
differently from stagnant services over the 
postwar period and behaved very much like 
progressive goods sectors, and while it is true 
that the nation’s labor force moved toward 
services, both stagnant and progressive, it 
was the former whose labor force increased 
most substantially. While the labor force of 
the progressive services rose somewhere be- 
tween 5 and 14 percent, that of the stagnant 
services rose between 32 and 50 percent.!° 


points, indicating that the capital-labor ratio grew faster 
in the progressive sector. This result is consistent with 
the spirit of our model, since the progressive sector is 
characterized by more rapid changes in technology that 
can be expected to involve a more rapid: displacement of 
labor by capital. 

10Some remarkable cross-sectional internaticnal com- 
parisons provided by Robert Summers (1985) also offer 
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VI. Broadcasting, Electronic Computation, 
and Asymptotic Stagnancy 


Our empirical evidence on two asymptoti- 
cally stagnant activities, television broadcast- 
ing and data processing (computer services), 
shows that in both activities the progressive 
component’s share of total costs diminished 
continually, while the stagnant component 
increaséd both in real terms and as a share of 
total cost. 


A. Electronic Computation 


In the last twenty years the cost of com- 
puter hardware per unit of processing power 
apparently fell some 25 percent per year 
(see, for example, W. J. Kubitz, 1980; S. 
Triebwasser, 1978; R. N. Noyce, 1977; and 





at least suggestive support for our model. The services’ 
proportion of total real GDP expenditures, and their 
proportion of total nominal GDP expenditures were 
compared with real GDP per capita for a sample of 34 
countries, ranging from very poor countries such as 
Malawi and India to highly industrialized states like 
Germany and the United States. As Figure F1 reports, 
at least in 1975, the real share of the services did not 
increase with a country’s real per capita GDP, contrary 
to widespread belief. However, as our model suggests, 
since the real share of GDP devoted to services re- 
mained roughly constant among countries, the nominal 
share devoted to services nevertheless rose markedly 
with real GDP per capita (Figure F2). The results of a 
regression were completely consistent with these conclu- 
sions. 
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C. Burns, 1977). Meanwhile, the cost of 
(labor-intensive) computer software assumed 
an ever greater share of a computer system’s 
total cost. Software was once a relatively 
minor element in computing cost—indeed, 
IBM once gave software away with its ma- 
chines. Now, it is the hardware that is be- 
coming almost incidental in total compuia- 
tion cost (see T. J. Gordon and T. R. Munson, 
1980). By some estimates, software repre- 
sented only 5 percent of system costs in 
1973, had increased to 80 percent by 1978, 
and exceeded 90 percent by 1980 (see Kubitz; 
M. Schindler, 1979; and R. A. Minicucci, 
1982). P. Grabscheid writes, that by 1985, “it 
will probably pay to substitute one hour of 
computer time for six minutes of staff time” 
(1982, `p. 6). Software development remains 
essentially a handicraft activity, and is, so 
far, a stagnant service. 

Some operating data from the Princeton 
University Computer Center (Figure 1) sub- 
stantiate dramatically the growing impor- 
tance of labor costs in total Center expendi- 
tures and the accompanying sharp drop in 
the dominance of the hardware component." 
Between 1970 and 1983, total real labor costs 
at the Center rose at a compound rate of 2.6 
per annum, while total real equipment costs 
fell at an annual rate of 4.6 percent.’ Since 
the volume of computations has risen rapidly, 


MIn the three years (1976; 1979; 1981) in which the 
downward trend was interrupted, the increased share of 
hardware cost is ascribable to major equipment pur- 
chases and changes in equipment financing, rather than 
to increases in hardware prices, The Director of the 
Center does caution that, although the bulk of the drop 
in Center expenditures on hardware is attributable to 
actual hardware cost decreases, some part of it is the 
result of more favorable lease-purchase arrangements 
and an increase in the percent of equipment owned 
rather than rented. 

12Some industry figures produce results that are less 
clear cut. For instance, the Diebold Group (1982) has 
studied computer operations of large U.S. corporations 
over the ten-year period, 1971-81. Their surveys showed 
that the average share of computer operations budzets 
devoted to hardware fell from 35 percent in 1971 te 27 
percent in 1981; the share of expenditures on operations 
personnel (i.e., keypunchers whose work is most suscep- 
tible to automation and productivity increases) fell from 
29 percent in 1971 to 18 percent in 1981; while the share 
of the budget spent on systems development personnel 
(the “brainpower” employees) remained essentially the 
same over the ten-year period (25 percent in 1971 and 
24 percent in 1981). 
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FIGURE 1. LABOR Costs vs. HARDWARE COSTS AS 
A PERCENTAGE OF TOTAL COSTS, A 
PRINCETON UNIVERSITY COMPUTER CENTER, 1970-83 


Source: James Poage, Director, Princeton University 
Computer Center. 


Notes: The. cost' category “Hardware and Other? -is 
made up of approximately 80 percent computer hard- 
ware costs and 20 percent other costs, such as dispos- 
able supplies. Increases in hardware costs in 1976, 1979, 
and 1981 are.largely ascribable to either the purchase of 
major new equipment, or the refinancing of equipment 
costs. Staff size at the Center has remained essentially 
unchanged over the period. Data for 1983 are estimates. 


equipment cost per unit of output has fallen 
far more rapidly (and per unit labor costs 
have risen more slowly).”° 


Galthough the number of. computations performed 
at the Center is not recorded, according to the Director 
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-FIGURE 2, BROADCASTING EXPENSES PER 
AVERAGE TELEVISION STATION? 


‘Shown in current and constant dollars. Data exclude 
the three major networks, but include network owned 
and operated television stations, 


Sources: U.S. Federal Communications Commission, 
Annual Report, various years, and “Television Financial 
Data 1980, FCC Financial Figures,” August 10, 1981, 
No. 6, Vol. 101, p. 54. Source for price deflator is Suny ; 
of Current Business, various years. 


of the Center, this- number: has clearly increased 
dramatically. In particular, as the computer’ programs 
handled at the Center became ever more complex (i.e., 
as the “captured intelligence” in each program grew), 
each keystroke punched into the computer gave many 
more commands to the machine. We should note here 
that the other side of the phenomenon of the increasing 
domination of labor costs in computer budgets is the 
extraordinary increase in labor productivity, brought. 
about by computerization. Computer technology per- 
mits users to accomplish much more much faster. For 


example, a.company that once paid a roomful of workers: . 


to tabulate year-end accounts can now computerize: 
those operations and retrain the workers to analyze the 
data the computer puts.out. At the Princeton University 
Computer Center the budget for salaries used, to “be 
dominated by keypunch personnel; today the staff there 


‘is far more skilled and professional. The data processing 


industry is seeking ways to enhance further the produc- 
tivity of its personnel, for example, by finding ways to 
substitute hardware time for-costly staff time and by 
creating software in so-called “fourth generation” com- 
puter languages which minimize the user’s time and 
permit less-skilled (and lower-paid) operators to use the. , 
computer. A 
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TABLE 3—TECHNICAL AND PROGRAM EXPENSES AS A PERCENTAGE 
OF TOTAL TELEVISION BROADCASTING EXPENSES, 1960-80 


VOL. 75 NO. 4 
Total Broadcast 
- Expenses (all 

TV stations,* Technical 

‘ in millions of Expenses 

Year _ dollars) (mil. of $) 
1960 f 563.3 92.9 
1961 — 579.5 96.2 
1962 : 626.6 . 101.3 
1963 674.5 106.3 
1964 725.4 113.8 
1965 787.7 120.2 
1966 885.0 131.1 
1967 948.3 141.4 
1968 f 1040.1 151.5 
` 1969 1176.4 161.4 
1970 . 1245.2 170.6 
1971 1303.7 179.6 
1972- 1457.6 - 196.5 
1973 1577.9 210.5 
1974 1706.7 228.3 
1975 1830.0 229.6 
1976 _ 2108.1 256.7 
1977 2297.1 270.3 
1978 2705.4 318.4 
1979 ' 3100.6 346.3 
1980 + 3614.6 ~ 390.0 


Technical 7 Progrem 
Expenses Program Expenses 
as Percent of Expenses as Percent of 
Total (mil. of $) Total 
16.5 239.1 42.4 
16.6 245.2 | 42.3 
16.1 265.4 423 
15.8 290:5 43.1 
15.7 315.1 : . 43A 
15.3 338.8 . >- 4830. 
14.8 380.1 43.0 
14.9 409.2 43.2 
14.6 449.2 43.2 
13.7 504.9 . . 42.9 
13.7 534.7 43.0 
13.8 5992 ` 46.0 
13.5 i 628.6 43.0 
13.3 677.9 43.0 
13.4 733.7 = 43.0 
12.5 805.3 44.0 
12.2 912.3 . 43.3 
11.8 ` 995.1 43.3 
11.8 1162.5 43.0 
11.2 1343.6 43.3 
10.8 1588.3 . 43.9 


Source: U.S. Federal Communications Commission, Annual Report, various years. 

Notes: Technical expenses include payroll and other technical expenses such as circuit costs incurred in diveni 
programs to local stations. Program expenses include “talent” employees, other employees, rent and amortization of 
film and tape, records and transcripts, outside news service costs, payment to talent, music license fees, other 
performance and program rights, and all other program expenses. Other categories not listed in the table are selling 
expenses and general and administrative expenses (which includes general and administrative payroll, depreciation 
and amortization, interest, allocated costs of management from home office of affiliates(s), and other general and 
administrative expenses). These descriptions are taken from “Television Financial Data 1980, FCC Financial 


Figures,” Broadcasting, August 10, 1981, Vol. 101, No. 6. 


*Does ‘not include the three major television networks but does include network owned and operated! television 


stations. 
B. Television Broadcasting 


Television broadcasting also has progres- 
' sive and stagnant components, such as 
- transmission, which includes circuit costs, 
and programming, dominated by human 
labor. Here, too, the evidence on trends in 
costs, and trends in cost shares, is striking. 
Figure 2, using U.S. Federal Communica- 
tions Commission data, shows the steep rise 
in average expenses of TV stations between 
- 1960 and 1980 (in both current and constant 
dollars), and portrays the trends in the two 
relevant components of broadcasting ex- 
penses (technical and program expenses), 
showing that real program costs have climbed 
steadily, while real technical expenses have 
remained about constant over the twenty- 


year period. In Table 3 we see that, as a 
percent of total expenditures, technical costs 
have dropped continuously from 16.5 per- 
cent in 1960 to 10.8 percent in 1980. In 
constant: dollars, over the twenty years in 
question total technical expenses per station 
have actually risen, but at the modest rate of 
0.8 percent per year. However, the average 
rate of increase of real programming cost 
was 3.1 percent, and total real expenses in- 
creased at virtually the same annual rate, 2.9 
percent. 


VI. Concluding Comments 
All the empirical data we have found seem 


consistent with the predictions of. the 
amended unbalanced growth model. The 
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“rising share of services” turns out to be 
somewhat illusory. The output shares of the 
progressive and stagnant sectors have in fact 
remained fairly constant in the postwar 


period, so that with rising relative prices, the, 


share of total expenditures on the (stagnant) 
services and their share of the labor force 
have risen dramatically (their prices rose at 
about the same rate as their productivity 
lagged behind the progressive sectors), just as 
the model suggests. Similar trends are also 
found internationally. 

We have also introduced into the model 
a type of activity we call asymptotically 
stagnant—economic enterprises which seem 
among the most high tech and progressive 
one can imagine. They contain both a tech- 
nologically sophisticated component and a 
relatively irreducible labor-intensive compo- 
nent. Starting out as innovative activities 
dominated by their very productive techno- 
logical side, as the labor component assumes 
an ever larger share of total cost (because the 
progressive component is innovating itself 
out of its cost-dominating position), ulti- 
mately the activity assumes all the character- 
istics of the stagnant services. Empirical data 
on two such activities—TV broadcasting and 
electronic computation—are also consistent 
with the model’s predictions. This suggests 
that the progressivity of such activities may 
well prove transitory and somewhat illusory. 
In sum, the cost disease of the stagnant 
services may affect more of the economy 
than was previously thought. 
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Labor Market Costs of Language Disparity: 
An Interpretation of Hispanic Earnings Differences 


By WALTER S. MCManus* 


Persons with limited English proficiency 
are a significant and growing minority in the 
United States. In 1980 over 23 million per- 
sons (11 percent of the U.S. population over 
four-years old) reported that English was not 
their only language of communication.! Of 
these, 45 percent, or about 5 percent of the 
total, also reported a less than fluent com- 
mand of the English language. To the extent 
that English is, and will remain, the predomi- 
nant language of interpersonal communica- 
tion in the United States, the potential exists 
for labor market earnings to be reduced by a 
lack of proficiency in English. Further, to the 
extent that earnings reflect marginal value 
productivities of workers, the maintenance of 
minority languages by a growing segment of 
the labor force will result in significant social 
costs, in terms of a reduced value of output. 

Among minority languages in the United 
states, Spanish is the most common. In 1980, 
Spanish speakers accounted for 46 percent of 
the language minority population. Not all 
Hispanics are Spanish speakers. In 1976, 
about 18 percent of the male Hispanic labor 
force were English monolinguals. However, 
Spanish heritage plays a crucial role in defin- 
ing the Hispanic ethnic identity. After blacks, 
Hispanics are the largest ethnic minority in 
the United States. According to the 1980 
census, Hispanics account for 6.4 percent of 
all U.S. residents, while blacks account for 
11.7 percent. The growing importance of this 
language-associated minority warrants ana- 
lytical attention. 

A small but growing body of literature has 
begun the analysis of the effects of language 
skills on earnings of Hispanics. Using de- 
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tailed earnings information from the Survey 
of Income and Education (SIE), Cordelia 
Reimers (1983) constructed a simple measure 
of English ability, but did not find significant 
language effects except among Puerto Ricans 
and “other” Hispanics. Gilles Grenier (1984) 
goes beyond Reimers by using more of the 
available information on language character- 
istics in the SIE data. He found that lan- 
guage attributes play an important role in 
wage determination, explaining up to one- 
third of the relative wage difference between 
Anglo and Hispanic men. My article with 
William Gould and Finis Welch (1983), also 
using the SIE, found that virtually all the 
Hispanic-Anglo wage differences usually at- 
tributed to ethnicity, nativity, and time in the 
United States can be explained by dif- 
ferences associated with English language 
skills. This empirical finding is the starting 
point for the current analysis concentrating 
on differentials within the Hispanic group. 

In Table 1, I present the average relative 
wages of Hispanic men by English pro- 
ficiency. Proficiency in English is determined 
by responses to questions of how well En- 
glish is understood and spoken. These ques- 
tions are only asked of persons who report 
frequently using a language other than En- 
glish. What I call the Fluent Reference Group 
is comprised of Hispanic men not asked the 
English proficiency questions. Wages are re- 
ported relative to the wages of the Fluent 
Reference Group. Table 1 demonstrates the 
gross correlation between earnings and En- 
glish proficiency; the greater the English pro- 
ficiency, the higher the relative wage. 

My plan is to first review the theoretical 
issues involved by considering several models 
of language disparity in markets, and then to 
present an empirical analysis of Hispanic 
wage differences in the United States for 
men 16—65-years of age in 1975. The goal of 
the. empirical analysis is to estimate the cost 
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TABLE 1-WEEKLY WAGES OF HISPANIC MEN BY 
ENGLISH PROFICIENCY AS A PERCENTAGE OF WEEKLY 
WAGES OF ENGLISH-FLUENT HISPANIC MEN, 1975 


English Proficiency Group* Relative Weekly Wage 
Fluent Reference Group? 100.0 
Very Well 89.8 
Well 82.8 
Not Well 68.2 


Source: U.S. Department of Commerce, Bureau of 
Census, Survey of Income and Education (SIE) micro- 
data file (computer tape), 1976. 

* English Proficiency Group is defined by responses 
to questions: “How well does understand / 
speak English?” 

>The Fluent Reference Group includes Hispanic men 
not asked how well they understand/speak English. 
They are assumed fluent, based on their background. 





of language disparity for Spanish-speaking 
men, by identifying wage differences that can 
be attributed to a lack of English proficiency. 
Using this procedure, I estimate that the cost 
of language disparity for Hispanics ranges 
between $1000 and $2000 per year. The pres- 
ent value of acquiring perfect fluency in En- 
glish is between $19,000 and $36,000 for the 
Hispanic men in my sample. These estimated 
costs of friction are the potential gains to 
language-training programs, and should be 
compared to language-training costs to de- 
termine whether these programs could have 
net benefits. 


I. Theoretical Background? 


In an economy where English is the domi- 
nant language of communication, it seems 
obvious that an inability to communicate in 
English has the potential for lowering earn- 
ings. The extent of the earnings loss depends 
both on the extent to which production is 
integrated and on the nature of the product. 
For impersonal products, any discount of 
value by the consumer for not being able to 
communicate with the producer must be 
caused at the time of purchase, for thereafter 
communication is irrelevant. For standard- 
ized products, not only is the identity of the 


2See my 1983 dissertation for more discussion of 
theoretical issues. 
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producer irrelevant, but also consumption 
does not intimately involve communication. 
Bilingual salesmen of a standardized product 
have a comparative advantage, in a heteroge- 
neous environment, over salesmen with only 
one language. It is also likely that the degree 
of proficiency in a language needed to act as 
an intermediary for impersonal products is 
less than is needed for personal products. 
Thus, the supply of potential intermediaries 
is relatively larger for standarized than for. 
personalized products, so: price differentials 
are likely to be small. 

For personal products, the identity of the 
producer is relevant, so that the value of the 


. service to consumers may depend on the 


producer’s ability to communicate with them. 
Differences in price between language groups 
can emerge due to differences in demand and 
supply conditions. These differences can also 
lead to premiums for knowledge of English 
among minority language producers for 
markets dominated by English-speaking con- 
sumers. If an individual supplier could use 
knowledge of two languages to serve as a 
translator-intermediary for personalized pro- 
ducts, there would potentially be a premium 
for bilinguality. However, the personalized 
nature of the product would severely limit 
intermediation between monolinguals from 
different groups. 

In production, the languages of workers, 
managers, and capital are significant only if 
there is an incentive to integrate, and only if . 
integration is enhanced by inputs being able 
to communicate with each other. If an in- 
dustry were composed solely of one-person- 
producing units, if the production were static 
and involved only labor, then communica- 


_tion skills would not affect income. If each 


person produced only corn or wheat, then 
trade would establish a wheat price in terms 
of corn, and each producer’s earnings would 
reflect only his physical production and the 
market price. 

If production technology is not static, but 
continually improving, then even one-per- 
son-producing units should benefit by being 
able to use new technology. The ability to 
absorb new techniques depends, in turn, on 
the ability to communicate with other pro- 
ducing units and/or with the agency or per- 
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son who develops the new technique. Hence, 
if technical advances in production are more 
likely to be made by members of one lan- 
guage group, then the earnings of members 
of other language groups ought to be en- 
hanced by also speaking the technological- 
ly advancing language. Not only could a bi- 
lingual use new technical advances in both of 
his languages, but he could also serve as a 
translator of technology from one to the 
other. Here the ability to speak modal lan- 
guage enhances earnings only if it is the 
modal language group that makes the most 
technical advances. If there are economies of 
scale in technical progress and experimenta- 
tion, then I would expect the modal language 
group to be the source of a disproportionate 
share of advances in production technology. 

Similarly, if production is integrated into 
multiperson units, then the complementarity 
or jointness that draws workers together 
should be enhanced by their abilities to com- 
municate with each other. If members of a 
team cannot communicate with each other, 
they may be unable to fully realize the 
benefits from specialization of function by 
different groups. The incentive to integrate 
into multiperson units is derived from as- 
suming that persons differ in their endow- 
ments of some productive inputs, say educa- 
tion, that makes workers with differing 
amounts of educations complements in pro- 
duction. In turn, any complementarity must 
be the result of specialization of function by 
the workers. It is therefore possible that the 
full amount of the complementarities that 
would be derived from combining two 
laborers from the same language group is not 
derived when the laborers of two language 
groups are integrated. The information ex- 
change necessary for the specialization can- 
not take place. 

It is also possible that intergroup associa- 
tion could result in overspecialization of 
labor. Combining laborers of two language 
groups might result in a precise division of 
tasks based on average characteristics of 
groups with no allowance for personal vari- 
ation. Division of tasks might be constrained 
so that a given task must always be per- 
formed by a member of group 1 even in 
circumstances where a member of group 2 
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could perform the task with less resource 
cost. This case would be likely if one group 
were unable to communicate to management 
their ability to perform certain nonmenial 
tasks. I would expect that speakers of non- 
modal languages would be likely to be rele- 
gated to menial tasks, the requirements of 
which could be easily communicated by 
demonstration without the need for verbal 
explanations. 


I. Measuring Costs Of Language Disparity 


In this section I estimate costs of language 
disparity for Hispanic men in the United 
States in 1975. Data are from the 1976 SIE. 
This is a census-style survey that contains 
information on labor force status, work ex- 
perience, income in 1975; along with basic 
demographic items such as age, race, sex, 
schooling attainment, and ethnic origin. Re- 
sponses to these questions provide the back- 
ground for the analysis. The SIE also in- 
cludes information on detailed ethnicity for 
Hispanics, nativity and year of immigration 
to the United States for immigrants, years of 
schooling prior to immigration, and the 
number of years of this pre-immigration 
schooling that was in English. Finally, the 
SIE provides a wealth of information on 
language characteristics: 1) household lan- 
guages spoken; 2) childhood language; 3) 
personal languages; 4) languages with friends 
and children; and 5) proficiency in under- 
standing and speaking English. I used re- 
sponses to these questions to develop mea- 
sures of English proficiency and to identify 
bilingual Hispanics. ? 

The sample that I used for analysis in- 
cludes information on 69,844 native-born 
English-speaking white non-Hispanic men 
(referred to as “Anglo” in this paper), 5,389 
native-born English-speaking black non- 
Hispanic men, and 2,576 Hispanic men. The 
samples all refer to civilians ages 16—64, not 
now in school (as major activity last week), 
who either worked 50 to 52 weeks in 1975, or 
report the reason for fewer weeks as some- 


3For a detailed description of the STE, see my disser- 
tation. 
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thing other than retirement or school. Those 
self-employed or working without pay are 
excluded. In addition, those with zero or 
missing information whether of weeks worked 
or of wage and salary earnings in 1975, and 
those whose weekly wage (computed as the 
ratio of wage and salary earnings to weeks 
worked) is less than $10 are also excluded. 
Hispanic men were also excluded from the 
analysis if 1) they had missing or incon- 
sistent nativity or language information, 2) 
they immigrated in 1975 or 1976, 3) they 
reported using any language other than En- 
glish or Spanish, or 4) they reported patho- 
logical language information.* 

In the earnings analysis reported earlier in 
my dissertation, measures of language skills 
were used in fairly standard wage regressions 
for Hispanic men. Here I will use these 
estimated effects of language skills to mea- 
sure the costs of language disparity. 


A. Measuring English Proficiency 


The SIE does not give a single measure of 
language skills, but rather gives responses to 
a series of questions concerning languages 
used in the home, personal languages, lan- 
guages with friends and children, newspaper 
reading, and levels of understanding of 
spoken English. In principle, these questions 
could divide Hispanic men into over 20,000 
groups. Reducing the size of this problem to 
manageable proportions was the bulk of the 
study reported in my article with Gould and 
Welch. There three sets of questions were 
used to form language groups: household 
language; personal language; and self-re- 
ported English ability. These three sets of 
questions split Hispanic men into just 42 
groups. These 42 groups were then aggre- 
gated up into 7 groups that captured the 
bulk of the language questions of the SIE, 
and at the same time were arguably well- 
ordered in terms of English proficiency. 
Membership in a particular aggregate was 
largely determined by household language 


*For further information regarding my selection 
criteria, see my dissertation. 


McMANUS: HISPANIC EARNINGS DIFFERENCES 821 


with personal language and proficiency play- 
ing marginal roles. 

An attempt to reevaluate the use of the 
SIE questions to construct indicators of En- 
glish proficiency and bilinguality was moti- 
vated by several considerations. First, the 
dependence of the aggregation scheme of my 
article with Gould and Welch on household 
languages raises serious questions of whether 
what is being measured is personal English 
proficiency or cultural assimilation. House- 
hold language is more likely to be con- 
taminated with cultural aspects of assimi- 
lation than personal language. Second, the 
aggregation scheme did not attempt to dis- 
tinguish between monolingual and bilingual 
English fluent men. In addition, the use of all 
the questions to construct one indicator 
makes comparison with other data sets prob- 
lematical. Simple indicators based on only a 
few related questions are more likely to be 
obtainable for other data sets. Comparison 
of results using different indicators within 
one data set may also be enlightening. 

I have dropped household language as an 
indicator of personal English proficiency. The 
question of how a household language is 
chosen is deferred to future research. For 
now it is sufficient to remark that it is clear- 
ly affected by characteristics of household 
membership that are not normally consid- 
ered as determinants of personal labor mar- 
ket success. I am left with two sets of ques- 
tions that potentially can serve as indicators 
of English proficiency: personal languages 
and self-reported English understanding and 
speaking ability. Both contain only a few 
well-ordered response categories and are 
likely to be repeated in future data sets. 

Personal language groups are: 1) English 
only or not asked; 2) English first, Spanish 
second; 3) English second, Spanish first; and 
4) Spanish only. Proficiency in understand- 
ing and speaking English had responses: 1) 
Not Asked; 2) Very Well; 3) Well; and 4) 
Not Well. Rather than consolidate these 


5« Not well—more than a few words,” “Not well—a 
few words,” and “Not at all” categories were consoli- 
dated based on the ranking of dummy coefficients in 
an earnings regression. Persons not asked concerning 
English proficiency were assumed to be fully fluent. 
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potential measures into only one indicator, I 
compared results in my dissertation using 
either. Here I report results using self- 
reported proficiency in understanding and 
speaking English. The results using the other 
measure are essentially the same. 

In the remaining earnings analysis, the 
four groups of the English proficiency indi- 
cator are collapsed into a scalar index of 
English proficiency (EP) by the convention: 


(1) EP = ô, D, + 8D, + D}, 


where D, is a (0,1) dummy indicating mem- 
bership in the ith proficiency group and ô;’s 
are weights to be estimated. The D,’s are 
ordered so that the most proficient group is 
D,. The origin (ô, =0) and scale (6,=1) 
specify the convention under which EP is 
viewed as an index of proficiency. 

The SIE has no direct measure of Spanish 
proficiency (SP) for assessing bilingual pre- 
mia. If-persons deficient in English are as- 
sumed to be fluent in Spanish, then all the 
men in EP groups 1 through 3 have SP =1. 
Within EP group 4, I assigned a value of 
SP =1 for men who had a Spanish child- 
hood but who currently speak English only, 
and SP =0 otherwise. A bilingual is thus 


a man who reports English as his only cur-. 


rent language, but who is potentially fluent 
` in Spanish due to his childhood (EP =1, 
SP =1). 


B. English Proficiency, Bilinguality, 
and Earnings 


Given measures of EP and SP, I turn now 
to the regression analysis of earnings of 
Hispanic men. I am interested in estimating 
effects of EP and SP on earnings as well as 
in how the estimates of effects of special 
variables associated with-ethnicity and nativ- 
ity are affected by the inclusion of EP and 
SP. To specify effects of EP, I assume that 
the income gain associated with higher skills 
in communicating in English would them- 
selves be proportionally greater at higher 
levels of skill as measured by schooling and 
work experience. The theory section suggests 
that a potential source of this interaction 
arises from higher EP increasing the wage 
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that labor skills can demand. Another ex- 
planation might be that lack of EP impairs 
acquisition of other skills relevant to an 
English-dominated labor market. Regardless 
of the source, there is a strong case for 
considering EP schooling and experience in- 
teractions. The EP variable was. also inter- 
acted with residence not in an SMSA. Spanish 
proficiency was only entered directly, be- 
cause an attempt at a richer specification did 
not yield significant results. , 
The model estimated is of the form, 


(2) Log(Wage) = common effects 
+ special effects + EP* Delta + c*Sp + error, 


where common effects include effects of 
schooling, experience, and region of resi- 
dence; special effects include Hispanic eth- 
nicity, native birth, and foreign experience 
and schooling; EP is defined as in equation 
(1); SP is the indicator of Spanish pro- 
ficiency; and 


(3) Delta =a +a, schooling 
+a, experience +a,NS 


where NS is the indicator for not being an 
SMSA resident. 

This model cannot be estimated by or- 
dinary least squares (OLS), because nonlin- 
ear restrictions are imposed.® Instead, non- 
linear least squares (the SAS procedure 


©The EP effect is 


EP* Delta 
= (ô, D, + 83D; + Dy)*( ag + aS + ay E + a3N) 


where S is schooling, Æ is experience, and N is the 
non-SMSA indicator. Multiplying through gives 


EP* Delta = asô: D, + 495; D3 + ag Da + 4,8, D,S 
+ 4,8, DS + a, D4S + a8, D, E + a383 D3 E 
+ a, D4 E + a8, D} N + a383 D3 N + a,D,N. 
The constraints are of the form: the ratio of coefficients 


on D, and D, equals the ratio of coefficients on D, S 
and D,S. 
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TABLE 2—-NONLINEAR REGRESSION ESTIMATES OF EFFECTS OF LANGUAGE 
CHARACTERISTICS OF WEEKLY WAGES OF HISPANIC MEN, 1975* 


Common Variables: 
Constant? 
Schooling 1 (0-12) 
Schooling 2 (above 12) 
Experience 1 (0-15) 
Experience 2 (above 15) 
Experience Squared 
Schooling 1, Experience 1 Interaction 
Schooling 1, Experience 2 Interaction 
Schooling 2, Experience Interaction 
Residence Not in SMSA 
Language Variables: 
Spanish Proficiency Indicator 
English Proficiency® 
Direct Effect 
Schooling Interaction 
Experience Interaction 
Not SMSA Interaction 





Distance Parameters Between English Proficiency Groups 


Group 1 (origin) 
Group 2 

Group 3 

Group 4 (scale) 


Parameter Absolute 
Estimate t-Ratio 
3.600 13.97 
0.084 . 3.65 
0.059 3.30 
0.082 - 4.56 
0.029 2.64 
— 0.0003 3.00 
— 0.003 1.88 
— 0.002 3.62 
_ 0.0001 0.20 
—0.145 2.74 
0.056 1.43 
— 0.307 1.93 
0.031 2.54 
0.012 3.96 
0.160 2.30 
0.000 - 
0.478 5.13 
0.689 9.37 
1.000 - 


MSE = 0.240; Number of Observations = 2576 


aThe dependent variable is the natural logarithm of earnings divided by weeks 


worked. 


Constant refers to Pacific Division. The full regression has indicators for other 


divisions... 


English. proficiency determined by answers to understand and ask questions (Not 


Asked, Very Well, Well, and Not Well). 


NLIN) were used and estimates are given in 
Table 2. I have omitted the special effects, 
because once EP and SP are taken into 
account, I cannot reject the hypothesis that 
effects of the special variables are jointly 
zero. This is a confirmation of the findings of 
myself with Gould and Welch, using a more 
cleanly defined language variable. The esti- 
mates of the common effects are very similar 
to the baseline regressions reported in both 
my dissertation and my article with Gould 
and Welch. 

The effect of SP is positive, as expected, 
but only significant at about the 15 percent 
level. Holding all other personal characteris- 
tics constant, the knowledge of Spanish in- 
creases earnings by 5.6 percent for Hispanic 
men. This indicator really only distinguishes 
between men in the highest EP group who 
had a Spanish childhood and those in that 


group who had an English childhood. The 
finding suggests that, among Hispanic men 
who are maximally fluent in English, men 
with a Spanish childhood earn 5.6 percent 
higher wages. This result is merely suggestive, 
however, since these “bilinguals” may sim- 
ply be more adept at integrating into the 
U.S. labor market. 

The effects of EP are also as expected. 
Maximal proficiency increases the return to a 
year of schooling by 3.1 percentage points 
and the return to an additional year of expe- 
rience by 1.2 percentage points. The direct 
effect of EP is negative, but when viewed 
alongside the positive schooling, experience, 
and not SMSA interactions, the net effect is 
positive throughout the range of the data. 

The bottom portion of Table 2 presents 
estimates of the distance parameters between 
the four EP groups. These can be considered 
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TABLE 3— AVERAGE WAGE, SCHOOLING, POTENTIAL EXPERIENCE, AND SMSA RESIDENCE BY EP Group 
FOR HISPANIC MEN, 1975 


Variable Not Asked 
English Proficiency* 1.000 
Weekly Wage $221.89 
Years of Schooling 11.9 
Potential Experience 15.6 
Percent Not SMSA 45 
Number 700 


*Estimated from wage equation. 


as estimates of the average levels of EP in 
the cells. The index origin is set by group 1 
(EP = 0), and the scale by group 4 (EP =1). 
If group 1 is totally lacking in English pro- 
ficiency and group 4 is fluent, then group 2 is 
47.8 percent as fluent as group 4, and group 
3 is 68.9 percent as fluent as group 4 on 
average. i 


C. The Cost of Language Disparity 


In my article with Gould and Welch and 
in my dissertation, it was shown that 
Hispanic men in EP group 4 have earnings 
insignificantly different from Anglos with the 
same schooling and potential work experi- 
ence, and resident in the same geographic 
region. Any cost in terms of production fore- 
gone must thus be associated with the men in 
the other three EP groups. To measure the 
cost of language disparity, I first estimate the 
reduction in marginal product experienced 
by Hispanic men in these three groups. 

Table 3 gives wage, schooling, experience, 
and SMSA residence comparisons for His- 
panic men with English language deficien- 
cies. The first row of Table 3 gives the EP 
estimated in the wage equation of Table 2, 
the distance parameters between groups. The 
difference in wage between the Very Well 
and the Not Well EP groups is $48.07, or 32 
percent of the Not Well wage. The weekly 
wage of the Very Well group is 1.32 times 
the wage of the Not Well group. In addition, 
the wage of the Well group is 1.21 times the 
wage of the Not Well group. 

An interesting comparison is in the order- 
ing of the three groups with respect to years 


English Proficiency (EP) Group 





Very Well Well Not Well 
689 478 .000 
$199.28 $183.64 $151.22 
11.2 9.0 72 
18.0 23.6 24.7 
45 42 29 
1118 432 326 


of schooling and years of potential work 
experience. The Very Well group is the most 
schooled, with 11.2 years, and the least expe- . 
rienced, with 18.0. The Not Well group is the 
least schooled, 7.2 years, and the most expe- 
rienced, 24.7 years. The Well group is in- 
between in both schooling, 9.0 years, and 
experience, 23.6 years. The greater the En- 
glish proficiency, the younger and more 
educated the group on average. Finally, while 
45 percent of the Very Well group and 42 
percent of the Well group are not SMSA 
residents, only 29 percent of the Not Well 
group are. 

In Table 4, I present my calculation of the 
potential gain in production from raising the 
EP of the three deficient groups all to 1.0. 
The first two rows of Table 4 present the 
estimated EP from the distance parameters 
between groups in the wage regression of 
Table 2, and the gain in EP represented by 
an increase in English skills to perfect fluency. 
This gain ranges from .311 for the Very Well 
group to 1.000 for the Not Well group. The 
next row gives the Delta multiplier of equa- 
tion (3) evaluated at the means of education, 
experience, and not SMSA residence for each 
group. This multiplier is largest for the Very 
Well group, .328, and smallest for the Not 
Well group, .260. 

The fractional gain in wage from an im- 
provement of English skills to full fluency is 
computed by multiplying the change in EP 
needed by the Delta multiplier. The next row 
of Table 4 presents the fractional gain in 
wages of the three groups. It ranges from 
-102 for the Very Well group to .260 for the 
Not Well group. This means that moving the 
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TABLE 4—-CALCULATING THE POTENTIAL GAIN FROM ACQUIRING FLUENCY IN ENGLISH BY EP GROUP: 
HISPANIC MEN, 1975 

English Proficiency (EP) Group 

Variable Very Well Well Not Well 
English Proficiency? 689 478 -000 
Gain in English 

Proficiency to Fluency 311 522 1.000 
Delta Multiplier” 328 323 260 
Effect as Percent of 

Wage of Fluency .102 .169 .260 
Dollar Value per Week $20.23 $31.04 $39.32 
Value per Year (50 weeks) $1016.50 $1552.00 $1966.00 
Years to Retirement 29 26 27 
Present Value of Fluency® $19,505.06 $27,744.86 $36,030.94 
Number of Men 1118 432 326 
Aggregate Value $21,806,657 ` $11,985,780 $11,746,086 


a Estimated from wage equation. 


P Estimated from wage equation assuming average variable values. 


°At 3 percent. 


average Very Well group member up to full 
English fluency will raise his wages by about 
10 percent, moving the average Well member 
to fluency will raise his wages by about 17 
percent, and moving the average Not Well 
member’s raises his wages by about 26 per- 
cent. 

Starting from the average weekly wages in 
Table 3, the next row of Table 4 presents the 
dollar value per week of the move to fluency. 

-This value per week ranges from $20.33 for 
the Very Well group to $39.32 for the Not 
Well group. Assuming a 50-week working 
year, I next compute the dollar value per 
year of English fluency by group. This ranges 
from about $1000 for Very Well to nearly 
$2000 for Not Well. To compute a lifetime 
present value of the proficiency improve- 
ment, I estimate the average years of work- 
ing life for each group based on their age 
and retirement at 65-years of age. I assume 
that the dollar value per year continues each 
year until retirement, and I discount future 
values at a 3 percent annual rate to get a net 
present value amount. 

The upshot is that the present value of 
acquiring fluency is $19,505.06 for Very Well, 
$27,744.86 for Well, and $36,030.94 for Not 
Well. These are my per person estimates of 
the cost of language disparity. The aggregate 
cost associated with the Hispanic men in my 
sample is computed by multiplying the per 


person cost by the number of men in each 
group and summing across groups. I estimate 
the aggregate cost of language disparity asso- 
ciated with the Hispanic men in my sample 
at over $45 million. Since Spanish speakers 
account for a little less than one-half of all 
English deficient persons, this $45 million 
figure probably understates the full cos? to 
society of language disparity. 


IHI. Summary and Implications 


I have explored theoretical models of the 
frictions caused by language disparity and 
estimated the cost of language disparity for 
Hispanic men in the United States. Two 
basic types of theoretical models were out- 
lined, based on the nature of the product. 
For personal products, the identity and lan- 
guage of the producer (or seller) becomes 
important to the consumer. Differences in 
price (and income) between language groups 
can emerge due to differences in market con- 
ditions, as can premiums for bilinguality and 
knowledge of modal languages by minority 
language group members. 

For impersonal products, the identity of 
the producer is irrelevant to the consumer, so 
the motivation for language effects comes on 
the production side. Language of production 
is important only if there is an incentive for 
integration of disparate language groups, and 
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only if integration is enhanced by workers 
being able to communicate with each other. 

In the empirical application, I estimated 
the cost of English deficiency for Hispanic 
men in the United States. I estimated the 
present value of their lifetime cost of not 
being fluent in English as ranging from 
$19,000 for the most nearly fluent to $36,000 
for the least.” This means that, if it costs less 
than $19,000 to give an Hispanic nearly fluent 
in English additional English skills through 
training to become fluent, then there could 
be a net gain to society. Similarly, if the cost 
of training Hispanics from the least nearly 
fluent in English group is less than $36,000 
per person, then there is a potential net gain 
from doing so. Less training than necessary 
to raise Hispanic men to full English fluency 
might also provide net gains if the gain ex- 
ceeds the costs. The maximum gains I esti- 
mated give upper limits on the effectiveness 
of language training. 

If these personal gains from acquiring En- 
glish fluency are so substantial, why have not 
the Hispanics themselves done so? The sim- 
plest explanation is that their costs of acquir- 
ing English fluency are greater than their 
benefits. This might be especially important 
for older immigrants. Another reason could 
be the existence of a borrowing constraint 
making it difficult for Hispanic men to 
finance English language training. Also, the 
gains were calculated using a 3 percent real 
discount rate, but the personal discount of 
Hispanics could be much higher. Illegal or 
temporary immigrants especially would dis- 
count future returns to English skills. 

The decision of whether the estimates of 
cost reported here are convincing is left to 
the reader. I have built on work begun by 
myself and others that suggests that language 
differences go a long way toward explaining 
differences in economic success. The esti- 
mates of costs of language disparity reported 
here are not the last word, but researchers in 


7I assume this represents differences in true produc- 
tivity. To the extent that the language-related wage 
differences between Hispanics reflects discrimination 
rather than true productivity differences, the net gain to 
society will be overstated. 
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this area will at least have to address the 
results described here. 

My estimates show that, once EP and SP 
are taken into account, the differences in 
wages associated with ethnicity, nativity, 
schooling abroad, and time in the United 
States are no longer statistically significant. I 
do not view this as evidence that these fac- 
tors are unimportant, rather that their effects 
are mediated through language characteris- 
tics. Indeed, in earlier work I explored the 
determinants of EP. The U.S.-born Hispanics 
show greater proficiency than immigrants, 
and proficiency increases with schooling. 
Among immigrants, those arriving as pre- 
school children are most proficient, im- 
migrants arriving after beginning but before 
completing schooling are next, and those 
arriving after completing schooling are least 
proficient. Immigrants increase proficiency 
with schooling and experience in the United 
States. 

The bilingual premiums I estimated are 
transitional phenomena—if all Hispanics are 
made fluent in English, then bilinguals will 
suffer earnings losses. These losses are not 
taken into account, and probably ought not 
to be. 

A final qualification of the work reported 
here concerns language minority scale effects. 
If Hispanics become perfect substitutes for 
Anglos, then the wages of laborers well tend 
to fall somewhat, depending on how large 
the Hispanic labor force is relative to the 
Anglo. This makes the estimates of cost based 
on constant marginal products of the two 
groups an overstatement. In addition, the 
models developed suggest that opportunities 
for production clustering might permit ag- 
glomeration economies for those who do not 
speak modal languages. My attempts at em- 
pirically modeling such economies have been 
inconclusive, and my estimates do not take 
account of such economies. 
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Equilibrium Relationships Between Money 
and Other Economic Variables 


By JAMES R. LOTHIAN* 


Central to the quantity theory of money 
are a number of important propositions 
about the long-run equilibrium effects of 
changes in the nominal stock of money on 
other economic variables. A standard way of 
testing these propositions is to use quarterly 
or annual data, explicitly model the lag 
structure and then derive the long-run solu- 
tion of the model from the empirical esti- 
mates. An alternative is to use some type of 
smoothing procedure to approximate posi- 
tions of equilibrium and then to use these 
transformed data directly in testing hypothe- 
ses. The National Bureau technique of aver- 
aging data over reference cycle phases is one 
such method; Robert Lucas’s application of 
Fourier transforms in “Two Illustrations of 
the Quantity Theory of Money” (1980) is 
another; and John Geweke’s method (1982) 
of frequency decomposition is a third. 

An entirely different way of approaching 
the problem is to use cross-country-average 
rather than time-series data as the basic units 
of observation. The advantage, according to 
Lucas, is that, “Since the two quantity-theo- 
retic laws [that he examines] are obtained as 
characteristics of steady states, or limiting 
distributions, of theoretical models, the ideal 
experiment for testing them would be a com- 
parison of long-term average behavior across 
economies with different monetary policies 
but similar in other respects” (p. 1006). 

In this paper I conduct such an experi- 
ment. The data that I use are for 20 OECD 
countries over the period 1956-80. The 
specific relationships that I examine are those 
between money and the price level, money 
and real income, money and interest rates, 


*Vice President, Citicorp Investment Bank, 55 Water 
St., New York, NY 10043. I am grateful to Michael 
Darby, Cornelia McCarthy, and Frederick Sturm for 
comments, and to Donna Bettini and Barbara Podesta 
for their assistance. 
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and money and exchange rates. In the main 
the data accord well with the quantity-theo- 
retic model. Classical neutrality holds. There 
is evidence of a Fisher effect, albeit a less 
than complete effect, on interest rates. Fi- 
nally, the data are consistent with long-run 
purchasing power parity and, thence, corre- 
spondingly with a long-run monetary ap- 
proach to exchange rate determination. 


I. Theory and Data 


The theory underlying the empirical in- 
vestigation summarized in the next section of 
the paper is the quantity theory of money 
and its corollary in a multicountry context, 
the monetary approach to exchange rate de- 
termination. For an extended treatment of 
the basic quantity theory, the interested 
reader can refer to Milton Friedman (1969); 
for a statement of the monetary approach to 
exchange rates, to Jacob Frenkel (1976). 
Given the purpose of this paper, I merely 
illustrate the implications of the two by con- 
sidering a simple example in which I assume 
an initial steady-state equilibrium that is in- 
terrupted by an unanticipated one-time in- 
crease in the rate of growth of the domestic 
money supply. I then trace the short-term 
and long-term implications of that change 
for other domestic economic variables and 
for the exchange rate. 

To proceed with the example, suppose that 
the money supply had been increasing for an 
extended period of time at a rate of 5 percent 
per year and that it then undergoes a sudden, 
one-time acceleration to a rate of growth of 
10 percent per year. Suppose further that 
when money had been growing at that 5 
percent rate, inflation had averaged 2 per- 
cent, real growth 3 percent and the yield on 
long-term government bonds 5 percent. 

The initial effect is to create a disparity 
between the rate at which individuals wish to 
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accumulate money balances and the rate at 
which they are actually doing so. The amount 
of money individuals actually hold relative 
to their nominal incomes, therefore, becomes 
greater than the amount they desire to hold. 
Correspondingly, the implicit yield on those 
money balances on the margin falls below 
the yields on bonds and on other alternative 
assets. To correct these imbalances, individu- 
als increase their spending. In the process, 
yields on other assets fall, output grows more 
rapidly, and the rate of inflation gradually 
begins to increase. 

Within the context of the quantity theory, 
the downward effect on rates of interest and 
upward effect on- the growth of real output 
are temporary phenomena. In the final equi- 
librium position, the rate of inflation will 
have risen to 7 percent, increasing by the 
same amount as the rate of monetary growth, 
and bond yields will have risen to 10 percent, 
reflecting the now higher actual (and an- 
ticipated) rates of inflation. The rate of 
growth of real output will be unaffected.! 

With regard to exchange rates there is an 
immediate analogue. The initial effect of a 
sudden and unanticipated monetary acceler- 
ation in lowering domestic real rates of inter- 
est will, everything being equal, lead to an 
incipient capital outflow. To offset that out- 
flow, the exchange rate must depreciate 
enough to produce anticipation of a subse- 
quent appreciation. That, in turn, will lessen, 
or eliminate, the potentially widened dif- 
ferential between the yields on domestic and 
foreign assets. In the final equilibrium posi- 
tion, overshooting of this sort will be 
eliminated and the rate at which the ex- 
change rate is changing will bear a one-to-one 
relationship to the change in the rate of 
growth of the domestic money supply. 


So, to build on the example given above, - 


again assume that the rate of growth of the 
domestic money supply increased by five 
percentage points. Assume further that the 
rate of growth of foreign-country money 


1 The transition to equilibrium following these initial 
effects is harder to specify. Overshooting of inflation, a 
one-time shift in the desired ratio of money to income, 
and a decline in the rate of growth of real income are all 
features of the process. 
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supply remained unchanged. In the new 
equilibrium, the exchange rate, the domestic 
currency price of a unit of foreign-country 
currency, would now increase at a five per- 
centage points per annum faster pace.” 

These, of course, are highly simplified ex- 
amples. For my purposes, however, simplic- 
ity of this sort is a virtue. If the data do 
actually support these simple formulations, 
one can have greater confidence in the un- 
derlying thecry as a useful tool. 

To test the various hypotheses just out- 
lined, I assembled annual data for 20 OECD 
countries for the period 1956-80 for an 
M1-type definition of money, consumer 
prices, real income (GNP or GDP, depend- 
ing upon availability), U.S. dollar exchange 
rates, and, for a 14-country subset, long-term 
bond yields. The source of most of these data 
was the International Monetary Funds’s 
(IMF) International Financial Statistics and 
companion tapes. The remainder came from 
the NBER data base described in the ap- 
pendix to Michael Darby, myself et al. (1983). 

To minimize the effects of shorter-term 
fluctuations, I computed the average rates of 
growth of each variable for each country for 
the two subperiods 1956-73 and 1974-80 
(see Table 1). I then computed the changes 
in these average rates of growth from the one 
period to the next and, with the one excep- 
tion noted below, used them as my basic 
units of observation. For M1, real income, 
the price level, and the exchange rate, these 
were shifts in average annual logarithmic 
rates of change; for the interest rate variables 
used in the examination of exchange rate 
relationships, they were shifts in average an- 
nual arithmetic rates of change. In each of 
these instances, therefore, the end result was 
a measure of longer-term acceleration, a 
“growth shift.” The exception to this rule 
was the interest rate variable used in the 
Fisher equation, which for theoretical rea- 


2Implicity assumed is no permanent alteration in the 
growth rates of the quanties of real cash balances de- 
manded in the two countries. A one-time decline in the 
level of real cash balances demanded in the domestic 
country, and hence, temporarily lower growth rate, will 
characterize the transition process period. 
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TABLE 1— AVERAGE ANNUAL RATES OF CHANGE AND STANDARD DEVIATIONS: 
20 OECD Countrigs, 1956-80 


Means? Standard Deviations? 
Variable* 1956-73 1974-80 1956-73 1974-80 
M1 5 9.11 11.51 6.51 8.52 
Consumer Price Index 4.30 11.68. ~ . 3.06 8.62 
Real Income _ 5.10 2.61 2.54 2.63 - 


Sources: IMF and Darby, myself et al. 


*Percentage rates of change were computed as first differences of the natural 


logarithms of the variables multipled by 100. 


PShown in percent. 


sons I constructed as the between-period shift 
in the average level of interest rates.’ 
`. The first subperiod is the era of Bretton 
Woods, 1973 marking the point of its final 
- demise. The second is the era of managed 
floating. In addition to facilitating. the study 
of exchange rate movements per se, this divi- 
sion offers a rather unique opportunity of 
another sort. After the breakdown of the 
-Bretton woods system, the monetary policies 
of the various countries included in this study 
became more divergent. The. result is, there- 
fore, a much richer body of data from which 
to make inferences than the period. of fixed 
exchange rates alone affords. 


U. Empirical Evidence 


In discussing the empirical findings, I 
divide the four relationships into three cat- 
egories, lumping the money-price and mon- 
ey-real output relationships under the com- 
mon heading of “classical neutrality,” and 
then going on to consider the relationship 
between interest rates and inflation rates, the 
Fisher equation.. Exchange rate relationships 
make up the final subsection. Throughout, 
the emphasis is on graphical evidence in 
which the theoretical and ‘the hypothesized 
relationships ‘are compared. Related regres- 


3 Differentiating the standard Fisher equation with 
respect: to time results in an equation linking the in- 
crease in the interest rate and the increase in the-antic- 
ipated rate of inflation. The empirical analogue here is a 
relationship between the shift in the average level of 
interest rates and the shift in the average rate of growth 
of the price level. : 


sion results and. formal statistical tests of 
hypotheses are presented in Table-2. 


_A. Classical Neutrality 


Some preliminary evidence with respect to 
neutrality is contained in Table 1. The first 
two columns in the table present the aver- 
ages of the annual rates of growth of: real 
income, consumer prices, and M1 for. the 
20 countries for the. separate subperiods 
1956-73 and 1974-80. The second two col- 
umns show the corresponding standard devi- 
ations. . 

Consider- the averages first. For the 20 
countries taken together, we see an increase 
in both monetary growth and inflation from 
one period to the next, but a decrease in the 
rate of real income growth. That’s one small ` 
bit of evidence in: favor of the. quantity- 
theoretic positive correlation between mone- 
tary growth and inflation. But, except for 
contradicting the naive Phillips curve, it 
tells us little about neutrality. More im- | 
portant:on that score is the pattern of vari- 
ability between periods. 

With -the final breakdown of the Bretton 
Woods system of fixed exchange rates in 
1973, foreign countries gained greater policy 
independence. Monetary growth, not surpris- 
ingly, became more variable. So too did in- 
fiation. The variability of real income growth, 
in contrast, remained the same. The impli- 
cations, therefore, are entirely consistent 
with the neutrality proposition: longer-term 
changes in monetary growth apparently affect 
the rate of inflation, but not the rate of real 
income growth. 
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TABLE 2— REGRESSIONS FOR CROSS-COUNTRY GROWTH SHIFTS: 20 OECD COUNTRIES, 1956-80 
Z= Bot BX, + BX, 
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DF 
s a 
Variables No.of 
Independent Obser- 
Dependent (%, Xa) vations Bo 
P= Cost of M1 = Narrowly 18 052 
Living Index Defined Money (008) 
y = Real Income Mi 18 —.027 
(.003) 
i= Long-Term P 14 008 
Bond Yield (.007) 
e = Spot Dollar DP 17 — .004 
Exchange Rate (,005) 
e DM1; Dy 16 — 048 
l (031) 
e D(M1-— y) 17 — .006 
. (.008) 
e D(M1-— y); Di ` 10 .002 
5 (.007) 


Sources: See Table 1 . 


Test 
«ante? Signifi- 
pore R?/ Con- cance 
Bı SEE straint F-Ratio ‘Level 
891 665 =l .053 480 
(149) 033 
-097 .121 B= 3.606 -071 
(.051) O11 
541 634 fy =0; 23.412 0.000 
(112) 012 B,=1 
-898 871 By =0; 1.457 .260 
(084) 020 B= 
-914 —1.397 625 By =0; 2.038 162 
(178) (769) 035 f= 
889 . 591 By = 0; -687 .521 
(171) 37 A= 
403 .053 588 
(.186) (014) .022 


aD denotes a variable constructed as the difference between the relevant foreign and U.S. variables. With the exception of 
interest rates, all variables are differences between the average annual logarithmic changes in the period 1974-80 and 1956-73. 
The interest rate term in the last regression is the difference between the average annual arithmetic changes in interest rates in 
the two periods for the foreign country less the similar difference for the United States. The interest rate term in the third 
regression is the difference in the average levels of interest rates in the two periods. 


Standard errors are shown in parentheses. 
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FIGURE 1. GROWTH SHIFTS: REAL INCoME vs. M1 


These relationships, moreover, are not just 
a statistical quirk caused by combining the 
data for all 20 countries. This becomes ap- 
parent when Figures 1 and 2 and the corre- 


prices (percent) 


25 


20 


15 


10 











-10 -5 o 5 10 15 20 25 


Mt (percent) 


FIGURE 2. GROWTH SHIFTS: PRICES vs. M1 


sponding regressions are considered. Figure 
1 plots the growth shift in money in each 
country, the change from one period to the 
next in the average annual rate of monetary 
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growth, against the similar growth shift in 
real income. Figure 2 plots the growth shift 
in money against the growth shift in the 
price level. 

The money-real income points are scat- 
tered about a horizontal line drawn through 
the means of the observations. All countries 
experienced roughly the same decrease in 
real growth despite huge differences in the 
change in the average rate of monetary 
growth. The money-inflation points, how- 
ever, are scattered about a 45° line, again 
drawn through the means. If monetary 
growth in one country accelerated by, say, 
five percentage points more than in another, 
there was a similar difference in the amount 
by which inflation accelerated. 

The regressions add to the story told by 
the two figures. Growth shifts in real income 
are Statistically unrelated to those in M1: we 
cannot reject the quantity theory hypothesis 
that the intercept and slope coefficients 
jointly are zero. Growth shifts in prices and 
M1, however, are closely matched: we can- 
not reject the hypothesis that the slope coeffi- 
cient in this equation is unity. The data, 
therefore, clearly support the classical neu- 
trality proposition of the quantity theory.4 


B. The Fisher Equation 


Figure 3 plots the shift in the average level 
of the long-term bond rate against the growth 
shift in prices (the shift in the average rate of 
inflation) for the 14 out of 20 countries for 
which there are interest rate data. If the 
Fisher relation held exactly and the average 
rate of inflation was an accurate proxy for 
the anticipated rate, the points would all fall 
on a 45° line through the origin. A perma- 
nent increase in the anticipated rate of infla- 
tion of, say, five percentage points would, as 
in the example outlined in the previous sec- 
tion, increase the nominal bond yield by five 
percentage points.’ 


4 There is the possibility of a more complex relation- 
ship. Friedman (1977) has associated the decline in real 
income growth in many of these countries with an 
increase in the variability of inflation and ultimately, 
therefore, in monetary policy. 

*The discussion ignores both the positive tax effect 
on interest rates described by Darby (1975) and the 
negative Mundell effect. 
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FIGURE 3. GROWTH SHIFTS: INTEREST RATE LEVEL 
vs. PRICE GROWTH 


In fact, most of the points do cluster about 
a 45° line, but the relationship is far from 
perfect and the line itself does not intersect 
the vertical axis at the origin. Hence, even 
relative to the substantial average increases 
in both rates of inflation and rates of interest 
(over five and roughly four percentage points, 
respectively), there is a considerable disper- 
sion of the observations about the line. This, 
in turn, suggests that real rates of interest, 
measured as they implicitly are here as the 
difference between the average nominal bond 
yield and the average actual rate of inflation, 
were by no means constant among countries. 
Nor were they constant over time within 
countries. In most of the countries in the 
sample, the increase in inflation exceeded the 
increase in bond yields by one percentage 
point or more. In the estimated regression 
equation, this variability in real rates over 
both time and space leads to a rejection of 
the joint hypothesis of a zero intercept and a 
unit slope coefficient.® 


®See Frederic Mishkin (1982, 1984) for evidence 
drawn from multicountry data on the nonconstancy of 
real rates across countries and over time within coun- 
tries, respectively. 
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One factor that may be important here is a 
decline in the ex ante real rate. The average 
rate of real growth declined in almost all of 
the countries between the first period and the 
second period. Using the real rate of growth 
as a proxy for the real return on real assets 
(Friedman and Anna Schwartz, 1982, ch. 
10), we might, therefore, infer that the ex 
ante real yield on bonds has also declined. 

That, however, cannot be the full explana- 
tion since there is little correlation among 
countries between the degree of movement in 
our measure of ex post real bond yields and 
real rates of growth. An alternative explana- 
tion is that in most of the countries in the 
sample, there was simply a lag in the adjust- 
ment of expectations to changes in rates of 
inflation. On the surface, this hypothesis 
seems implausible: the time periods involved 
appear too long for rational market par- 
ticipants not to have adjusted their expecta- 
tions fully. The objection to that line of 
reasoning, though, is that it implies a knowl- 
edge of the inflation process on the part of 
individual market participants that they may 
not have had. Predicting longer-term rates of 
inflation is essentially a problem of predic- 
ting the longer-term rate of monetary growth. 
The latter, in turn, is a question of the mone- 
tary policy regime. Given inertia in the 
political process, formation of expectations 
in a regressive and seemingly myopic fashion 
may, therefore, be entirely rational. In the 
absence of an obvious and dramatic political 
change, market participants may view policy 
over the next decade as differing little from 
policy in the last.’ 

To sum up, I find support for the Fisher 
equation as a general proposition. Con- 
versely, the data provide no support for the 
popular notion that easy money and low 


7See Friedman and Schwartz (p. 556) for a similar 
discussion of bond yields in the United States in the 
latter part of the nineteenth century. They attribute the 
substantial difference between bond yields and the 
(negative) rate of inflation at that time to investors’ fears 
that agitation for free silver would lead to an abandon- 
ment of gold and renewal of inflation. This example, 
coupled with the results obtained here as well as with 
recent U.K. and U.S. experience, raises the dual ques- 
tions of what can be considered rational behavior a 
priori and how one can ascertain empirically whether 
behavior is or is not rational. 
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FIGURE 4. GROWEI SHIFTS: EXCHANGE RATE 
VS. PRICE DIFFERENTIAL 


interest rates go hand in hand. Real rates of 
interest, as meastred here, were far from 
constant either temporally or geographically, 
however. 


C. The Menetary Approach to 
Exchange Rates 


Figure 4 plots the shift in the rate of 
change of the foreign currency versus dollar 
exchange rate agéinst the shift in the infia- 
tion differential, where the latter is defined as 
the shift in the d-fference between the aver- 
age rates of foreign and U.S. inflation. Fig- 
ure 5 plots a simiar relationship except that 
the shift in the differential excess rate of 
monetary growth replaces the shift in the 
inflation different al as a variable. It, in turn, 
is defined as the shift in the difference be- 
tween the averag= rates of foreign and US. 
M1 growth less the shift in the difference 
between the corresponding rates of real in- 
come growth. The first component of this 
latter algebraic total indicates the degree to 
which the differential growth rates of the 
money supplies :n the foreign country and 
the United States has changed; the second 
proxies the extemt to which the differential 
growth rates of tne real quantities of money 
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FIGURE 5. GROWTH SHIFTS: EXCHANGE RaTE 
vs. M1 DIFFERENTIAL 


demanded in the two countries has changed. 
Combined, the two therefore provide a mea- 
sure of the shift in the relative excess sup- 
plies of monies (or demands if the total is 
negative).® 

Figure 4 is, of course, a direct transforma- 
tion of Figure 5, provided that the money- 
to-inflation link holds. It is just the pur- 
chasing-power-parity relationship stated in 
terms of accelerations in prices rather than in 
levels of prices. 

As the figures show, both longer-term rela- 
tionships hold tolerably well. In each in- 
stance, the points are clustered about 45° 
lines drawn through the means of the ob- 
servations, indicating the existence of one-to- 
one relationships between shifts in the rates 


8It is only a proxy since other arguments of the 
demand for money: functions are omitted and the in- 
come elasticities of demand implicitly are assumed to be 
unity. The regression results reported in Table 2 are 
broadly consistent with this second assumption. The 
‘income elasticity estimates derived from the sixth equa- 
tion are not significantly different from unity. Ad- 
ditional results for the smaller sample indicate, however, 
that interest rates also clearly matter. The interest rate 
term in the seventh regression has the correct sign and is 
- significantly different from zero. 
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FIGURE 6. GROWTH SHIFTS: EXCHANGE RATE 
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of change of exchange rates and shifts in the 
rates of change of the other variables. 

The regressions corresponding to the charts 
buttress this conclusion. In all instances, the 
percentage of variation of the exchange rate 
variable accounted for is substantial (.87 with 
the inflation differential; .63 and .59 with the 
unconstrained and constrained differential 
monetary growth variables, respectively). In 
all instances, however, I am unable to reject 
the joint hypothesis that the intercept term in 
the regression is zero and the slope term is 
unity. 

An additional implication of the monetary 
approach is also confirmed by the data. That 
model posits a positive relation between the 
exchange rate, defined as it is here as the 
foreign-currency price of a dollar, and the 
difference between the foreign and the U.S. 
interest rate. The rationale is that an increase 
in the foreign interest rate reduces the real 
amount of foreign money that foreigners 
want to hold, and hence for a given money 
supply produces an excess supply of money. 
This, in turn, results in upward pressure on 
the exchange rate or weakening of the for- 
eign currency relative to the dollar. 

The common view to the contrary is that 
an increase in a country’s interest rate neces- 
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sarily strengthens its currency via its effects 
on capital inflows. The data do not support 
this second proposition as a long-term hy- 
pothesis, As Figure 6 indicates, there is no 
relation between the growth shift in the ex- 
change rate and the shift in the differential 
rate of change of nominal bond yields. Con- 
versely, when the interest rate variable is 
included in a regression equation representa- 
tive of the monetary approach, it is sta- 
tistically significant and has the expected 
positive sign. An increase in the own- 
country interest rate, other things being 
equal, weakens rather than strengthens its 
currency. 


QI. Conclusions 


In this paper I have examined three sets of 
hypotheses associated with the quantity the- 
ory of money: the classical neutrality prop- 
osition, the monetary approach to exchange 
rates, and the Fisher equation. The data are 
completely consistent with the first two and 
moderately supportive of the last. Given the 
nature of the data, the fact that they are 
generated by, to use Lucas’s term, an “ideal 
experiment,” and given the simplicity of the 
tests, I view the results as a strong confirma- 
tion of the theory.? Looked at from the 
opposite perspective, they provide little or no 
support to the corresponding alternative hy- 
potheses, the naive Phillips curve, the interest 
rate theories of exchange rate determination 
and the liquidity preference theory of inter- 
est rate determination. 


?For corroborative cross-country evidence for the 
money-price relationship see Schwartz (1973) for a sam- 
ple of 40 developed and less developed countries, and 
William Norton and Robin McDonald (1981) for a 
sample of 10 developed countries. Lucas, as an introduc- 
tion to his U.S. analysis, presents similar evidence for 16 
Latin American countries. 
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The Market for “Lemons” Reconsidered: A Model of the 
Used Car Market with Asymmetric Information 


By Jak-CHEOL Kim* 


The purpose of this paper is to analyze the 
working of the used car market, a market 
suffering severe informational asymmetry, by 
generalizing in two respects works of George 
Akerlof (1970) and Charles Wilson (1980) in 
the Walrasian paradigm.! 

First, although Akerlof correctly points out 
a possible market failure in the used car 
market, his description of it overlooks the 
ability of each agent to freely choose wheth- 
er to be a buyer or a Seller. In other words, 
in the used car market, unlike other mar- 
kets with informational asymmetry—the in- 
surance market and the labor market—an 
agent can change his position from buyer 
to seller, or vice versa, with little or no 
transaction cost. Instead, Akerlof (and Wil- 
son) arbitrarily divides the agents in the 
market into two groups, buyers and sellers, 
where, for example, an agent in the buyer 
group is supposed to buy only a used car. 
This is unnecessarily restrictive. It is possible 
that, if the price of used cars goes up, a used 
car buyer may want to shift his demand from 
a used car to a new car, and as a result he 
will be a used car seller. 

Second, my model treats the quality of 
used cars as an endogenous variable in con- 
trast with the Akerlof-Wilson model where 
each seller is exogenously endowed with a 
car of given quality. However, it is well rec- 
ognized that the quality of a car depends not 
only on purely stochastic elements as per- 
ceived by Akerlof and Wilson, but also on its 


*Department of Economics, Amherst Campus, State 
University of New York, Buffalo, NY 14260. I thank 
many for their helpful comments, but am especially 
indebted to James Friedman, David Gordon, and Dave 
Weimer, and the anonymous referees who made val- 
uable suggestions on an earlier version of this paper. 

Wilson provides two more conventions used to set 
the price in addition to the Walrasian convention for the 
analysis of market equilibrium with asymmetric infor- 
mation. 
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owner through endogenous factors such as 
maintenance, driving habits, and the like. 
This paper places more emphasis on the latter 
by assuming that the quality of a car is a 
function of the maintenance level. 

Throughout the analysis, however, I will 
preserve the informational structure of 
Akerlof and Wilson by assuming that no 
activities of information acquisition and 
transmission (i.e., signaling, warranty, or 
search) are allowed. As a result, potential 
buyers make their decision based only on the 
average quality of used cars. 

The basic model is constructed in Section 
I as follows. A car lasts two periods; it is new 
in the first and used in the second. There are 
many types of agents in the market and each 
agent can buy either a new car or a used car 
depending on his (or her) preference struc- 
ture. The buyer may also refrain from buying 
a car. If he buys a new car, he chooses a level 
of maintenance for it, which determines a 
service flow. The service flow of a used car 
(the quality of a used car) depends on main- 
tenance in the previous period when the car 
was new, but not on that in the current 
period. An owner of a new car can either sell 
or keep it after one period when it becomes 
used. 

In Section II, given this setting, I char- 
acterize an equilibrium in the used car 
market, examining two contrasting cases de- 
pending on the underlying structure. An in- 
teresting result obtained in the first case is 
that the Akerlof’s Lemons Principle need not 
hold in the used car market. Akerlof origi- 
nally asserts that the lowest quality car will 
drive out cars of higher qualities. Yet the 
situation is not that extreme. Even in Aker- 
lof’s example, a nontrivial equilibrium could 
be shown to exist by slightly changing the 
assumed parameters. (Wilson shows this in a 
more general framework.) Then, the princi- 
ple can be reinterpreted as saying that the 
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average quality of nontraded cars is higher 
than that of traded cars. Recently, Eric Bond 
(1982) tests this hypothesis for the pickup 
truck market and rejects it. His finding is 
that there is no significant difference in qual- 
ity between traded and nontraded trucks. 
This paper provides a theoretical support to 
this finding by showing that either quality 
can be higher than the other. However, this 
is not because there is a mechanism to re- 
duce or eliminate asymmetry in information 
as Bond himself conjectures. Rather, this is 
because there may be some people who value 
car service so highly that they maintain their 
cars exceptionally well when they are new in 
order to keep the service flow at a very high 
level. This leaves good used cars after one 
period. However, they will sell their good 
used cars and buy new cars in order to 
continue receiving the very high service 
flow associated with new cars. Also in Sec- 
tion II, the second case is considered. 
Although the case appears to be very similar 
to the Akerlof-Wilson model in many re- 
spects, a significant discrepancy is shown to 
exist. The concluding section summarizes the 
results and suggests areas for further re- 
search. 


I. The Basic Model 


Consider the used car market with many 
types of agents and asymmetric information. 
A buyer of a used car can observe only the 
average quality of used cars while a seller 
knows the quality of his own car. Let x be 
an index denoting the quality of a car, mea- 
suring its overall efficiency in terms of fac- 
tors such as driving performance, the num- 
ber of breakdowns including the resulting 
inconvenience and cost of repair, comfort, 
and so on. A unique feature of the model is 
that the quality of a car is endogenous, vary- 
ing with a level of maintenance, m, which 
represents the expenditure on a car for any 
preventive purpose such as regular checkups. 

When a car is new, its quality, x,,(m), is a 
continuously differentiable, increasing and 
strictly concave function of the maintenance 
level; x/(m) > 0 and x//(m) < 0. However, it 

‘is assumed that maintenance on a used car 
has no effect on quality. Rather, the quality 


` the market. Finaly, let P,, 
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of a used car is solely determined by the 
maintenance level in the previous period 
when the car was new. Let x,(m) be the 
quality of a used car where m is the mainte- 
nance level applied in the previous period. 
Also assume that =/,(m)> 0 and x‘/’(m) <0. 
Finally, for analytc simplicity, it is assumed 
that x,(0)<-x,(O, that is, any used car is 
lower in quality than any new car. Each 
agent is characteiized by a real number 1 
distributed on T = [t, 7] with a density func- 
tion w(t)>0 where ¢>0. A type-t agent 
tries to maximize -wo-period expected utility 
and has the fellowing von Neumann- 
Morgenstern one-period utility function, 
being risk neutral-with respect to quality: 


(1) U(x,2:t)=tx-e, 


where e is the e<penditure on a car.” The 
ownership of no car is equivalent to owning 
a car of zero qual-ty. If an agent buys a used 
car, his expected ttility is a linear function of 
the average qualty of used cars offered in 
P, and B be the 
price of new cars. the price of used cars and 
a discount parameter, respectively. 

Now let us con-ider the optimum behavior 
of a type-t agent. Assume that at the begin- 
ning of the first period, he has no car. Given 
this state of “ha-ing no car,” he faces four 
possible choices: 1) buy a new car, maintain 
it and in the secend period sell it; 2) buy a 
new car, maintain and keep it for both peri- 
ods; 3) buy a wed car and sell it in the 
second period; ard 4) do not buy a car. It is 
simple to calculate the two-period utility, 
S(t), if option 2s is taken, 


(2) S,(t)=—P,+Z,(t), 


where Z(t) a x, (m(t)) + Brx,(m2(t)) — 
m,(t) is the twc-period net service from a 


?The utility funcion in a general context can be 
defined as U(x,c:t =tx + c, where c is consumption 
other than car service. Then, letting y be per period 
income, c= y—e. t can be easily seen that income 
level has no effect =n optimal decision in this simple 
model if each agent receives the same rate of income, 
irrespective of agen type. Thus, without losing gener- 
ality, we may set y «qual to zero, which gives the utility 
function in equatior (1). 
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car when adopting option 2 for which m.(t) 
is the optimum maintenance. If he chooses 
options 1, 3, or 4, he goes back to the start- 
ing state of having no car after one period. 
Therefore, if an option is optimal for him in 
the second period, so must it be in the first 
period. This means that we only have to 
consider stationary policies taking the same 
option in each period. 

“Let Z(t) = 
and Z,(t) = (1+ B)tx§ be the two-period net 
service when adopting options 1 and 3, re- 
spectively, where m(t) is the optimum 
maintenance for option 1 and x£ is the ex- 
pected average quality of used cars in the 
market. It is assumed that each agent has the 
same expectations about the average quality. 
Letting S;(t) be the two-period utility, a 
type-z agent can obtain when taking option 
i, (i =1,3,4), 


(3) S,(1)=(— P, +P, )(1+8)+Z,(1), 
S,(t)=— P,(1+B)+Z(1), 


S,(t) =0. 


Let V(t) be the maximum two-period utility 
of a type-t agent.. Then, from the above 
discussion, V(t) is an envelope of the S,(t)’s; 
that is, 


(4) V(t) =max{S,(t), i=1,2,3,4}. 


Now the simple nature of the problem 
immediately implies the following Pone 
First, noting that S;,’s depend on P, Po 
and xf, let us define T, using the above 


equation as follows: 


(5) T,=T,(P,, P, x$) 
SCO, i=1,2,3,4. 


Then T, is a set of agent types who maximize 
utility by adopting option i, i=1,2,3,4. 
There may be an interval of t over which two 
or more S,’s coincide. For analytic simplic- 
ity, but without sacrificing essentials, I will 
assume away this possibility.? Also, if some £ 


. 3It is not difficult to incorporate such a possibility in 

the model by slightly modifying the definition of an 
equilibrium presented below. However, this would add 
no more significant result but complications. Moreover, 


(1+ BY tx,(m, (2) — mj(2) | 
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belongs to more than one 7;, then I include it 
in T, with the smallest index. An agent in T, 
buys a new car in each period and sells it 
after one period. Therefore, T, is a set of 
used car sellers. Similarly, T; is a set of used 
car buyers. Each agent in 7, buys a new car 
and keeps it for both periods:so that he is an. 
owner of a nontraded used car. T, is a set of 
agents who do not buy cars. 

Second, m(t) maximizes [x any m 
while m x(t) maximizes tx „(m)+ Bix, (m)- 
m. Assuming interior solutions, m(t) and 
m,(t) are found from txi(m)=1 and 
tx},(m)+ Btx?(m) =1, respectively. Also 
from the assumption of strict concavity, it is 
easy to see that m{(t)>0, m%(t)> 0, and 
m,(t)>m,(t) for all ¢. Since t represents 
the marginal rate of substitution of a type-t 
agent, I conclude that agents with higher 


‘ preferences for car service. select higher 


maintenance levels. Moreover, agents would 
also select higher maintenance levels for new 
cars if they anticipate using them in the 
second period. 

Finally, assuming that the set of used car 
sellers who adopt the maintenance policy 
m,(t) is not empty, the average quality of 
traded used cars, Ex ,,(T;) is given by 


(6) Ex(T)= f smi(Dm(s) 4/0) | 


where W(T, y= ‘Srw(t) dt is the ‘cial supply 
of used cars by agents in T}. The average 
quality of nontraded used cars can be-simi- 
larly calculated for agents who keep new cars 
two periods (option 2). The only difference 
is that m,(t) is used for the calculation in- 
stead of m,(t). 


H. Equilibrium in the Used Car Market 


An equilibrium in the used car market can 
be defined as follows: 


DEFINITION: The used car market is in 
equilibrium, given P,,, if there exist x? and P, 
such that (a) xf = Ex (Tì) where T, #0, and 
(b) W(T,) = W(T3). 


such a case does not arise in two special cases on which 
I will concentrate later. 
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Condition (a) says that the expectations 
about the average quality of traded used cars 
must be correct. Condition (b) is the usual 
market-clearing condition in the Walrasian 
paradigm. Since T, + 0, there must be a posi- 
tive level of trade in the market. A quick 
glance at the conditions reveals that the na- 
ture of equilibrium depends heavily on the 
shapes of the S$, curves, especially on their 
slopes, which are given below. 


(7) 9S,/dt=9Z,/dt 
= (1+ 8)x,(m(t)) >0 
OS, /0t = OZ, / dt 
= x,(m,(t))+ Bx,(m2(t)) > 0 
3S, /dt = ðZ; / ðt = (1+ B)x2>0 
aS,/dt =0 


3?S / dt? = (1+ B)x/,(m,(t))mi(t) >0 


8°S, / at? = { x; (m(t)) 
+ Bx!,(m,(t))} m5 (t) >0 
07S, /0t? = 07S, / dt? =0. 


First note that the S,’s (i=1,2,3,) are all 
increasing functions of t. Second, S, and S, 
are increasing at increasing rates while S, 
increases linearly. Third, S, is always steeper 
than S, because of the assumption that 
x,(0)>x,(co). Fourth, it is not obvious 
whether or not $, is steeper than S, and S}. 


The last observation opens up an interest- - 


ing possibility that there are different types 
of equilibrium depending on the set of agent 
types and the shape of x,,(m) and x,(m). In 
this paper, I consider two special cases of 
interest: Case 1: S, is steeper than S, but 
flatter than S}; and Case 2: S, is the steep- 
est. These complete orderings make the anal- 
ysis simple because the S, curves intersect 
each other at most once. Even though I will 
be mainly concerned with the first case, the 
second case is equally interesting because it 
turns out to be very similar to the Akerlof- 
Wilson model in nature. 
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A 
Case 1: 3S /ðt > aS,/at > aS, / at. 


Case 1 is worth considering for several 
reasons. First, if x,(0o) is bounded from 
above and f is sufficiently large, the above 
assumption is automatically satisfied, be- 
cause as ¢ grows, x,,(m,(t))—x,(mm,(t) be- 
comes arbitrarily small while x „(m (t))— 

x,,(m,(t)) is bounded away from some posi- 
tive number so that S, will eventually be 
steeper than S, (see equation (7)). The same 
kind of reasoning can be applied to show 
that S, is steeper than S, for a sufficiently 
large t. Second, if the technology of x„(m) 
and x,(m) is of an exponential form, for 
which some numerical examples are con- 
structed later on, it can be shown that $, is 
always steeper than S,, which is in turn 
steeper than S}. Finally and most im- 
portantly, this formulation gives us an inter- 
esting counterexample to Akerlof’s Lemons 
Principle. 

A possible equilibrium situation is drawn 
in Figure 1, assuming that all the 7,’s are 
nonempty. Let ¢, be the marginal agents 
who are indifferent between options 1 and 2. 
Similarly, ¢, and t, are the marginal agents 
who are indifferent between options 2 and 3, 
and options 3 and 4, respectively. Then, 


[i r], n= [ih 
T= [t4,t2); T,= [£ t4). 


From Figure 1, the following immediate ob- 
servations can be made. Agents with higher 
preferences for car service (in T} and T,) buy 
new cars and agents with lower preferences . 
(in T;) buy used cars. Among the agents 
buying new cars, agents with higher prefer- 
ences (in T,) are used car sellers and those 
with lower preferences (in T,) are used car 
keepers. 

It can be seen that, in equilibrium, used 
cars of various qualities are traded in the 
market. Agents with used cars of above aver- 
age quality are aiso willing to sell their cars. 
In other words, as noted earlier, when an 
agent chooses the optimum maintenance 
level, he is only concerned with the net service 
from a car and not with the used car price, 


(5) i= 
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which is beyond his control under asymmet- 
ric information. That is, the fact that he 
receives a lower price than he possibly de- 
serves is already taken into account in his 
decision process. Another direct result fol- 
lows from the diagram. 


PROPOSITION 1: The average quality of 
nontraded used cars can be either higher or 
lower than that of traded used cars. 


This is because even though, for given 
t, m,(t)> m(t) so that x,(m,(t)) > 
x,(m,(t)), T; consists of agents with higher 
t’s selecting higher maintenance levels for a 
given option as discussed in Section I. As a 
result, either one of them could be higher 
than the other. In some cases, the average 
quality of traded cars will be higher than 
that of nontraded cars, thus contradicting 
the Lemons Principle. A numerical example 
is provided below. 


Numerical Example: Suppose that x,,(m) 
= 2—exp(—m/2) and x,(m)=(1- 
exp(— m /2))/2. Also t is distributed on [7,8] 
such that w(t)=.5 for 7.65 < t< 7.90, and 
equals 1 otherwise. If P, =13.00, then equi- 
librium ¢,’s are given by 4 = 7.76, t, = 7.56, 
t, = 7.39,-and P, = 2.76. The average quality 
of nontraded cars is .44 while that of traded 
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cars is .37, confirming the Lemons Principle. 
However, as expected, the result is very sen- 
Sitive to the distribution of agent types (and 
also the technology). In particular, suppose 
the lower margin of a set of t over which 
w(t) =.5 increases slightly. Then the average 
quality of nontrade cars will be reduced with 
all other equilibrium values remaining un- 
changed. For example, if the lower margin 
goes up to 7.71 from 7.65, the average qual- 
ity of nontrade cars drops to .32, becoming 
less than that of traded cars. 

Now let us investigate the nature of equi- 
librium shown in Figure 1 more closely. In 
terms of #,’s (i =1,2,4), the equilibrium can 
be characterized as 


(8a) Z,(4,)- Z(t) 
+8(- P, +(1+8)P,)=0 
(8b) 2Z,(t2)— Z,(t2) 
+(-P,+(1+B)P,)=0 
(8c) Z,(t,)-(1+B)P,=0 


(9d) fwa d= f'wa 


(8e) 


I first derive the demand and supply func- 
tions in the used car market from the above 
equation. For this, I totally differentiate (8a), 
(8b), and (8c) with respect to P,. Using the 
slope conditions and the fact that an increase 
in 7, raises the average quality of traded 
used cars, it can easily be shown that 


t>t)>t,>t,>1. 


(9) at,/aP,<0, 8t,/aP,<0, 
at, / AP, > 0. 


Combined with the market-clearing condi- 
tion equation (8d), the above equation says 
that the demand function is downward slop- 
ing while the supply function is upward slop- 
ing. Therefore, 


PROPOSITION 2: Jf there exists an equi- 
librium, it is unique. 
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The reason why the demand and supply 
functions have the usual shape is the follow- 
ing. Suppose that the used car price goes up. 
This will make it more profitable than before 
to sell used cars, which will induce some 
agents who otherwise would be used car 
keepers to become used car sellers, lowering 
the average quality and increasing the supply 
of used cars. At the same time, an increase in 
the used car price and the resulting decrease 
in the average quality will depress the de- 
mand for used cars. 

Before continuing, it seems worthwhile to 
investigate the structural difference between 
the present model and the Akerlof-Wilson 
model. In the Akerlof-Wilson model, sellers 
are identical except for the quality of cars 
they own. Then, given a used car price, 
owners of cars above some critical quality 
level do not want to offer their cars for sale 
in the market. So identical agents behave in 
different ways depending on the cars they 
own. By contrast, in this model, there are 
many different types of agents. All agents of 
the same type are assumed to behave in the 
same way, that is, take the same option so 
that the quality of a car is endogenously 
linked to the type of agent holding the car. 
This structural difference generates different 
outcomes in many ways. For example, in 
case of an increase in the used car price, the 
Akerlof-Wilson model predicts an opposite 
result that the quality will go up because 
owners of higher quality cars will be induced 
to sell. 

There are a few more things to be noted. 
First, if f= f (the agents are identical so that 
buyers get perfect information about the 
quality of used cars), a used car market 
cannot exist. This is because, in such a situa- 
tion, for a used car market to exist, the 
typical agent must be indifferent between 
options 1 and 3. But this means that the 
typical agent in turn is indifferent between 
those options and the option of buying a 
new car, maintaining at the level of m,, and 
keeping it for both periods. However, the 
latter, and therefore options 1 and 3, are 
obviously inferior to option 2, that con- 
‘stitutes a desired contradiction. As a result, 
in this case, the agents will keep their used 
cars because they cannot obtain gains from 
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trade. This observation can be easily ex- 
tended to a case where £ and f are close to 
each other. That is, if the difference in con- 
sumer tastes is small enough, there may not 
exist an equilibrium in the used car market. 

Second, the effect of an increase in the 
new car price is examined. For this, I totally 
differentiate equations (8a), (8b), (8c), and 
(8d) with respect to P,. After tedious mani- 
pulation, we have 


(10) dt,/0P,>0, dt,/dP,> 0, 


at,/OP,>0, 1/(1+B8)> aP,/aP,>0. 


A type-t, agent who was indifferent between 
options 1 and 2 will prefer option 2. This is 
because as the new car price goes up, the 
additional cost is (1+ B)(dP,, — BdP,,) which 
is greater than dP, the additional cost if he 
takes option 2, by the second last inequality 
of equation (10). An analogous argument can 
be made for agents of types ¢, and 1,. There- 
fore, as the price of new cars increases, the 
supply of and demand for used cars decrease 
and, as a result, the average quality of used 
cars rises. The used car price also rises, but 
by a relatively small amount. To see the 
effect on agents’s welfare, note that the S, 
and S, curves shift downward. The S, curve 
becomes steeper because of an increase in 
the average quality. This observation com- 
bined with equation (10) indicates that 
ôS, / 3P, may be positive for some ¢’s around 
t>, Teflecting that the extra utility from the 
average quality increase exceeds the disutility 
from the used car price increase for those 
agents. Therefore, everyone is made worse 
off in the new ecuilibrium except possibly 
some used car buyers (around type-f, agents) 
who benefit from the increased average 
quality. 


B 
Case 2: 0S,/dt > 0S,/ dt. 


Case 2 is shown as a solid line in Figure 2 
where T,=[t3,4), Th=(t, 4, T= [ta ts), 
and T,= [ż, t4). It is immediately seen that 
in this case the average quality of nontraded 
cars is definitely higher than that of traded 
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FIGURE 2 


cars, thus supporting the Lemons Principle. 
Therefore, in this special case, the present 
model and the Akerlof-Wilson model give 
the same conclusion. However, there still ex- 
ists a significant discrepancy between the two 
models, illustrated by the following example. 
Wilson argues that in the Walrasian para- 
digm, there may exist multiple equilibria, 
and in such a case an equilibrium with the 
highest used car price is Pareto superior. 
Multiple equilibria could also exist in Case 2 
for the same reason given by Wilson. To see 
this point more closely, suppose that P, in- 
creases. This will induce the agents with 
higher ¢’s than ¢, to sell their cars, which 
will increase the average quality of traded 
cars. At the same time, this increase in P, 
may attract some used car buyers to be used 
car sellers, which has a negative effect on the 
average quality. As Wilson argues, if the 
average quality happens to increase more 
rapidly than the used car price, there might 
be another equilibrium with a higher used 
car price. 

If ¢, does not change in the new equi- 
librium (which may be interpreted as saying 
that sellers and buyers are separated as in 
Akerlof-Wilson model), then Wilson’s argu- 
ment can be applied in exactly the same way 
to conclude that the new equilibrium is Pareto 
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superior. This possibility is shown in Figure 
2 where a dotted line is an envelope of new 
S, and S, curves. The supply of used cars 
increases because #{>t,. Then the demand 
should also increase, which implies that S, 
cuts S, before t, in the new equilibrium. 
Obviously, agents in [¢4, tí) are better off so 
that the new equilibrium is Pareto superior. 

But, in general, it will be more reasonable 
to think that 4, changes after the price 
change. Then, there might be an equilibrium 
with t, and ż, moving to the right which 
clearly cannot be Pareto superior because 
some used car buyers will be driven out of 
the market due to the increase in P,,. 


PROPOSITION 3: In Case 2, the Lemons 
Principle holds. Moreover, there are possibly 
multiple equilibria. However, it is not gener- 
ally possible to rank those equilibria by the 
Pareto criterion. £ 


II. Concluding Remarks 


I have constructed a model of the used car 
market with asymmetric information where 
there are many types of agents in the market. 
Even though there could be many kinds of 
equilibrium depending on the underlying 
parameters, attention has been focused on 
two contrasting cases. 

In Case 1, there exists a unique equi- 
librium given the new car price and the 
distribution of agent types. Furthermore, the 
Lemons Principle need not hold: average 
quality of traded used cars may be higher 
than that of nontraded cars. Case 2 closely 
resembles the Akerlof-Wilson model. Not 
only does the Lemons Principle hold in this 
case, but also multiple equilibria with differ- 
ent used car prices may emerge for the rea- 
son Wilson indicates. However, in this case, 
the ability of agents to change their positions 
costlessly makes it impossible to rank equi- 
libria by the Pareto criterion in contrast with 
Wilson’s argument. 

In future research, it may be worthwhile to 
consider the situation where perfect informa- 
tion is available; that is, each agent may 
learn the quality of used cars by observing 
them. The importance of such a study may 
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be seen by the following consideration. In 
reality, a potential buyer of a used car buys 
it either from an individual seller or from a 
used car dealer. In the first type of transac- 
tion, the buyer presumably obtains little in- 
formation about the quality of the car, which 
fits the present model. On the other hand, if 


the buyer is engaged in the second type of - 


transaction, he may obtain considerable in- 
formation from the used car dealer, for ex- 
ample, in the form of a warranty, by paying 
a transaction cost. Perfect information may 
be accommodated by modifying the model 
so that an agent has perfect knowledge about 
the quality of a car if he pays some positive 
cost. It will be necessary to combine the two 
models so as to allow each ageni to decide 
on what types of transactions he will make in 
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order to explain why. both types of transac- 
tions are popular in the real world. 
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A Note on the General Validity of the 
Heckscher-Ohlin Theorem 


By HELMUT FORSTNER* 


In his article in this Review (1982) Alan 
Deardorff proved, among other results, a 
generalization of the commodity version 
of the Heckscher-Ohlin (H-O) Theorem. In 
the formulation of this general hypothesis, 
Deardorff used the unconventional concept 
of a generalized covariance, named comvari- 
ance (com), among three variables. In par- 
ticular, he proved that com(x, y, z) is posi- 
tive, where x, y, and z measure a country’s 
factor abundance, a good’s factor intensity 
and a country’s net exports, respectively. In 
simple language, this result shows that on 
. average countries will be net exporters of 
those goods whose production is intensive in 
the countries’ abundant factor(s).! While the 
rather artificial construct of com treats the 
measures of factor endowment, factor inten- 
sity, and trade as fully symmetrical, most 
empirical tests of the H-O hypothesis are 
based on regression models that relate a de- 
pendent trade variable to independent factor 
intensity variables. 

This note demonstrates that Deardorff’s 
result can be extended to yield weak hy- 
potheses within the framework of linear re- 
gression analysis. I prove two corollaries to 
Deardorff’s theorem on the factor content of 
trade that yield statements about the signs, 
on average, of regression coefficients. This 


* Division for Industrial Studies, United Nations In- 
dustrial Development Organization (UNIDO), P.O. Box 
400, Vienna International Centre, A-1400 Vienna, 
Austria. The views expressed in this paper do not neces- 
sarily reflect those of the United Nations. I am indebted 
to Tracy Murray for detailed comments on an earlier 
draft and to an anonymous referee for valuable sugges- 
tions concerning in particular the extension of the origi- 
nal results. I have also benefited from discussions with 
Robert H. Ballance. 

1 This on average result will be referred to as a weak 
formulation of the H-O hypothesis. The strong com- 
modity version of the above hypothesis has been proved 
only for the two-factor, two-good, two-country world. 


extension may help clarify some of the con- 
fusion that has arisen regarding the question 
of the theoretical validity of regression tests 
of the factor proportions theory.” 


I. Assumptions 


The assumptions underlying Deardorff’s 
model can be summarized as follows. There 
are / internationally nontradeable factors 
(1>2) and m tradeable goods (m>/) in 
n countries which have identical technolo- 
gies (represented by a set X which has all 
the properties necessary for the existence of 
the equilibria studied). For each country, do- 
mestic demand is homogeneous of degree 
zero in prices and income, and satisfies the 
weak axiom of revealed preference. Further 
assumptions are those of perfect competi- 
tion, constant returns to scale and the ab- 
sence of external economies, production 
taxes, and similar distortions. A country- 
autarky equilibrium consists of a combina- 
tion of net outputs, prices (of goods), and 
wages (of factors) that are feasible, de- 
manded, and profit maximizing. A world- 


. trade equilibrium is defined as a combination 


of world prices, domestic prices, and quanti- 
ties produced, traded, and demanded by each 
country, so that production and trade are 
feasible, demands are met, and profits are 
maximized. For each country it is assumed in 


` addition that its trade balance at world prices 
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is zero, and that eventual differences between 
world and domestic prices are the result, on 
average, of taxes on trade rather than of 
subsidies. For each good the world market is 
cleared. 

In the discussion below, the following 
definitions and designations will be used. 


2See, for example, the critical comment on Jon Hark- 
ness (1978) by Edward Leamer and Harry Bowen (1981). 
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The value of net exports of good i by coun- 
try j at the world price př is 


(1) = p?T,;;; 
and 
(2) On = (w, wE, )/ Wp 


is a measure of the abundance of factor h in 
country j, where w; is the autarky price of 
factor h in country j and 


ee eee 
(3) WT a L Wa jp 


(4) hij s WrShij/Pi 


is a measure of factor intensity for factor h 
based on actual factor requirements of trade 
8al h<l, 1 <i<m, 1< jx<n) (as 
described in Deardorff, p. 687); ` 


(5) Zhij 7 


is a nonnegative measure of the interaction? 
between country j’s endowment with factor 
h and the A-intensity of j’s trade in good i, 
where A is a constant with 


Phin t+ A 


(6) Az Imin( #5, ;) | 


with z,;,=0 for all h, i, and j. 

The following (m X1) vectors and (m X 1) 
matrices corresponding to the variables 
defined above will be used: g= country j’s 
net exports; z,,: country j’s (intensity-en- 
saa interactions with respect to factor 

h; i=(1,1,...,1)’; and Z;= = (Z1 jpZ2j »Z);) 
= country j *s interactions matrix. 

In addition |{x|| will denote the Euclidean 
norm in m-dimensional real space and 


l 
x= TÈ 


3For a discussion of the concept of an interactional 
regression model of trade, see, for example, Roger 
Bowden (1983, pp. 216-18). The translation of the 
interaction measure to the nonnegative part of the real 
line will yield a proper weight variable in Corollary B 
below. 
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will designate the centroid of / points {x, } 
in this space. The cosine between two vectors 
x and y is defined by cos(x,y) = x’y/|[x|| lly |l. 


Il. Two Corollaries to Deardorff's Theorem 
on the Factor Content of Trade 


Country-specific interactional regression 
tests are based on relationships of the gen- 
eral form 


(7) 1, = f(Z;,B,)+u,, 


where B, is a vector of unknown parameters 
and u; a vector of random disturbances. As 
an extension of Corollary 2 in Deardorff 
(p. 691), a general version of the H-O Theo- 
rem can be stated in the form of a hypothesis 
about the sign of a weighted average of the 
least squares parameter estimates of the 
country models (7). The two corollaries pre- 
sented in the following deal with two differ- 
ent specifications of the regression model (7). 
Corollary A applies to the case of regressing 
net exports on individual columns of the 
interactions matrix, whereas Corollary B 
states a result about regression (7) in the 
absence of linear restrictions on parameters. 


COROLLARY A: For each factor h (1<h 
<I) and each courtry.j (1< j<n), let an 
interactional regression equation be specified 
by 


(8) t= 1a, ; +2, ;8,;+Uy;, 


where u,; is the disturbance term and 1, and 
Z,; are as defined above. If the ordinary least 
squares (OLS) pracedure is applied to each 
equation separately, the cross-commodity 
estimates Bi; satisfy (under the assumptions 
stated previously) ine following average rela- 
tionship: 


i n 
(9) 2È SrjÊaj > 0, 
with 


(10) 
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PROOF: . 
The expression for the OLS parameter 
estimate 


m m 


mÈ ZnT, Tij -Ew Ey 


(11) Ê, = = =i 


can be rewritten as 


m 
2 ZhijTij/ M" Shj» 


i=l 


0) By 


due to the assumption of balanced trade for 
each country. This leads to 


I n 
03) mÈ Y syêy= 


h=1 j=1 


3 SD i 


h=1i=lj=1 


_ where the last equality follows again from 
balanced trade and the inequality from rela- 
tionship (46) in Deardorff (p. 691). 


COROLLARY B: For each country j < j- 


<n), let an interactional regression model be 
specified by 


(14) 


where y, is the parameter vector and u; is the 
disturbance term.‘ Under the assumptions out- 
lined above the following relationship holds for 
the least squares estimates ¥, obtained from 


Ņ=Zy;+u;, 


4Whenever factor shares are used to define factor 
intensities and production functions are assumed lin- 
early homogeneous, a zero intercept is suggested for 
equations like (14) for the simple reason of guarding 
against perfect multicollinearity. 
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cross-commodity estimation for each j sep- 
arately: 


a9 E Enm>0 
hel j=l 
with 
(16) 4,;=[lz,,[llZlleos(z, ;,2;) = 0. 
PROOF: 


For country j’s regression the normal 
equations can be written 


(17) 


or 


ZL 9, = Lia, 


Ji’ 


: . 
(18) E (zizu) n= 24/7 (lsh). 
k=1 


Summation over h yields 


3 3 (zizu) Yay = 


h=1 k=1 


(19) = Zi, ;% 7 


or, equivalently, 
L l 

(20) LE (Bzy) E zh. 

k=1 h=1 

Summation over j in turn leads to 


1 n l -n 
(1) IE E Bzy) E LD s 


h=1 j=l h=1 j=1 
i m n 
=L _ È È 2njt;> 9, 
h=1 i=l j=1 


where the inequality follows from the proof 
of Corollary A. Thus, finally the inequality 


(22) 


È È Ga,)n>o 
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must hold which entails (15) by virtue of 


(23) 


Zza; = \,lllep,lleos(2,,2,,). 


The essence of the above two corollaries is 
that OLS parameter estimates from interac- 
tional regression tests of the H-O hypothesis 
must (under the given assumptions) be posi- 
tive on average. While Corollary A refers to 
“total” regression coefficients of the interac- 
tions between factor intensities and factor 
endowments, Corollary B deals with the cor- 
responding “partial” coefficients. In both 
cases it is demonstrated that a weighted aver- 
age of the interaction coefficients across all 
factors and all countries is positive. For each 
total regression coefficient Brij „ the weight is 
given by the sample variance s, ; across all m 
commodities of the interactions 2,;;- Each 
partial regression coefficient ,; has to be 
weighted by an expression which depends on 
the “strength” of h-specific interactions (via 
\|z,, ll), the overall strength of interactions in 
country j (via |fZ,||) and the position of z}; 
with respect to the interaction centroid Z; 
(via cos (Z, ;,Z;)). 


HI. Conclusions 


Regression tests of the H-O Theorem usu- 
ally suffer from the limitation of the tradi- 
tional commodity version to the abstract case 
of two factors, two goods, and two countries.’ 
Deardorff’s general form of the theorem rep- 
resents a weaker version of the factor pro- 
portions hypothesis stating that, on average, 
countries will be net exporters of those goods 
that are intensive in the use of abundant 
factors of production. In the present paper, a 
corresponding weak regression hypothesis 
has been derived, which simply states that, 
on average, the OLS-estimated coefficients of 
interactional regression models will carry the 
(intuitively expected) positive signs. This 


SBee-Yan Aw (1983) demonstrated that the re- 
gression procedure used in most empirical studies may 
be inappropriate as a test of the factor proportions 
theory, if more than two factors of production are 
involved. 
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weak hypothesis may narrow the gap be- 
tween the algebraic proofs of formal theory 
and the numerous attempts to test the H-O 
proposition by use of regression procedures. 
It has to be borne in mind, however, that 
the present results are limited in their em- 
pirical applicability. These limitations have 
to do with the measurability of the variables 
included in the above regressions as well as 
in Deardorff’s theoretical proposition. First, 
the measure of factcr abundance is based on 
autarky factor prices which cannot be ob- 
served. Second, the factor-intensity variable 
involves autarky factor prices, actual factor 
requirements of trade, and world goods 
prices, and must thus be expected to differ in 
general from observable factor shares. More- 
over, a massive amount of detailed informa- 


` tion about production techniques in different 


countries would be required to construct 
matrices of actual total factor requirements 
of each country’s trade. Third, the averages 
of regression coefficients in the two corollaries 
have to be taken across all countries and all 
factors, whereas empirical studies are usually 
limited (due to the lack of data) to subsets of 
countries and factors. 

The limitations listed above become less 
severe, if regression hypotheses are derived 
from theoretical propositions that corre- 
spond more closely to the empirical reality 
than Deardorffs general version of the H-O 
Theorem. A case in point is a result on the 
factor content of trade stated recently by 
Elhanan Helpman (1984). Let free-trade 
equilibrium factor prices replace autarky fac- 
tor prices in the definitions of factor abun- 
dance and of factor intensity. Then, a slightly 
weaker version of Corollary B can be ob- 
tained, if factor prices are not equalized 
among countries and a number of fairly 
standard assumptions (including those of no 
intermediate goods and of balanced trade for 
each country) are fulfilled. In the Appendix, 
Helpman’s results are used to derive the in- 
equality 


(24) 


where the notation of Corollary B is em- 
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ployed. The above-stated relationship is seen 
to be less limited in an empirical sense than 
its counterpart (15), because it involves 
post-trade data on factor abundance. How- 
ever, the factor-intensity measure used still 
includes actual factor requirements of trade. 

Furthermore, Helpman’s restriction on the 
factor content of bilateral trade—that like- 
wise holds in the absence of factor price 
equalization—can be reformulated as an 
average relationship between regression co- 
efficients. Let +, be the vector of bilateral 
net exports of country j to country k valued 
at world prices, ZY" the matrix of interac- 
tions between factor intensities of t, (based 
on actual factor requirements) and factor 
endowments of j (measured by use of post- 
trade factor rewards as indicated above), and 
ZY") the analogous interactions matrix for 
country k. Then, for the OLS parameter 
estimates of the two regressions 


(25) Tj = LOY, +y; 


(26) Tik = ZPOW +v 


the inequality 


I i 


(27) pa thi Vnj = LD taVne 
=1 h=l 


holds under the assumptions made in Section 
HI of Helpman’s article. The weights z, ; and 
th, (h =1,2,...,1) in (27) are constructed 
from the interactions matrices Z/") and ZY”? 
in the way described in connection with 
Corollary B. A simple interpretation of in- 
equality (27) would be that bilateral net ex- 
ports are on average not “explained better” 
by the factor-intensity /factor-endowment in- 
teractions of the importer than by those of 
the exporter. More loosely interpreted, bi- 
lateral net exports reflect the interactions of 
the exporter rather than those of the im- 
porter. This proposition about bilateral trade 
shares with the modified version of Corollary 


S¥or a proof of the above relationship, see the Ap- 
pendix. 


B the advantages with respect ` 
work. 

Finally, a general reservatior 
made which applies to the re; 
potheses stated in this note as w 
negative results on regression 
H-O theory presented by Leamer 
and by Aw. It concerns the me 
limitations that arise from the f 
rivations are confined to the 
parameter estimation. Although- 
to expected future extensions—t 
ogy of stochastic regression mod 
used in formulating the corollar 
dorff's findings, the results of 
note should be seen as pertai: 
realm of descriptive regression a 
deeper-lying specification proble 
in modeling the relationship be 
flows, factor intensities, factor e 
and other elements that might 
trade have not been treated in ! 
Nevertheless, it would be of inte 
the above-stated corollaries can 
to hold for the interactional 
parameters of more complete mc 


APPENDIX 


This Appendix proves the val 
inequalities (24) and (27). 

For a proof of relationship (2 
ficient to demonstrate that the 
Chee yeiZaiTi; is nonnege 
Z,;;18 based on free-trade equilit 
prices w, ;. From the definitions i 
the assumption of balanced cour 
follows that 


i m n 


2 ds Dozi 


h=l1 i=1 j=1 


(A1) 
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where Bhij, is the actual requirement of factor 
h per unit of net exports 7,,; and w,= 
Fah j ./n. The first of the last two terms in 


(Al). is zero, since it is the overall sum of - 


` actual factor contents of trade (see Deardorff, 
p. 687). To evaluate the last term, relation- 
ship (12) of Helpman’s paper can be rewrit- 
ten to obtain . 


Then the desired inequality 


a) E È È wisely $0. 


h=1 i=1 j=1 


follows from the assumption of balanced 
trade. . 

The validity of relationship (27) can also 
be demonstrated on the basis. of Helpman’s 
results and the technique of Corollary B. 
‘Application of the latter to the acercenions 
2) and (26) leads to 


(a4) 1E aye D aE tuo igo 


POENAE | l m ý 
a 2 Wij 2 Brige lige t Al E Pi Tigo 
h=1 i=l :{i=1 i 


and 


I 
(A5) LÈ tnak = 
© head 


> Wi 3 Snapt ik) 


l m 
= > Wik pe Brinton wat Pi Tigo 


where Snitjx) Tepresents the actual require- 
ment of factor h per unit- of good i’s net 
exports Tigr from country j to country. k. 
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Hence it follows tkat 


(A6) > lnktnhk 


=1 


2 Eni Yj 


=7 2 (i, — wiy) us Shiz jkyli i(jk)? 


where the last expszession is seen to be non- 
negative on the basis of Helpman’s iñ- 
equality (18) whick states that the value. at 
country j’s factor prices of net exports from 
country j to county k of trade embodied 
factors is not greater than the corresponding 
value at count k5 factor prices. 
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Screening vs. Rationing in Credit Markets 
with Imperfect Information 


By HELMUT BESTER* 


Will credit be rationed in markets with 
imperfect information? Credit rationing is 
said to occur when some borrowers receive a 
loan and others do not, although the latter 
would accept even higher interest payments 
or an increase in the collateral.! In their 1981 
article, Joseph Stiglitz and Andrew Weiss 
argued that banks may prefer to reject some 
borrowers because of negative adverse selec- 
tion and incentive effects: for a given col- 
lateral, an increase in the rate of interest 
causes adverse selection, since only bor- 
rowers with riskier investments will apply for 
a loan at a higher interest rate. Similarly, 
higher interest payments create an incentive 
for investors to choose projects with a higher 
probability of bankruptcy. On the other 
hand, for a fixed rate of interest, an increase 
in collateral requirements may result in a 
decline of a bank’s profits as well. Stiglitz 
and Weiss show that this happens if the 
more risk-averse borrowers, who choose rela- 
tively safe investment projects, drop out of 
the market. Hildegard Wette (1983) has 
shown that increasing collateral requirements 
may result in adverse selection even with 
risk-neutral investors. 

The purpose of this paper is to show that 


no credit rationing will occur in equilibrium | 


if banks compete by choosing collateral re- 
quirements andthe rate of interest to screen 
investors’ riskiness. This argument relies on 


*University of Bonn, Wirtschaftstheoretische Abtlg. 
II, Adenauerallee 24-26, 53 Bonn 1, West Germany. 
I thank Martin Hellwig for helpful suggestions and 
comments on an earlier draft. The final version was 
written while I was visiting the Department of Econom- 
ics, University of California-San Diego. Financial sup- 
port from the Deutsche Forschungsgemeinschaft is 
gratefully acknowledged. 

\This is, of course, a different notion of rationing 
than, for example, Dwight Jaffee and Thomas Russell’s: 
“Credit rationing occurs when lenders quote an interest 
rate on loans and then proceed to supply a smaller loan 
size than demanded by the borrowers” (1976, p. 651). 
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the assumption that banks decide upon the 
rate of interest and the collateral of their 
credit offers simultaneously rather than sep- 
arately. Therefore, it becomes possible to use 
different contracts as `a self-selection mecha- 
nism.” It is shown that investors with a low 
probability of bankruptcy are more inclined 
to accept an increase in collateral require- 
ments for a certain reduction in the rate of 
interest than those with a high probability of 
failure. 

Credit market equilibrium under imperfect 
information about investors’ riskiness is 
analyzed in Section II. It is shown that, in 
equilibrium, no borrower is denied credit. 
The intuition is as follows. If some investor 
with a low probability of repayment does not 
receive the loan he prefers, then he will apply 
also for those contracts that are chosen by 
less risky borrowers. Therefore, a credit ra- 
tioning equilibrium always pools good and 
bad risks. However, pooling of different risks 
at one contract is not viable against competi- 
tion whenever self-selection mechanisms are 
available. If pooling occurs, then there exists 
another credit offer that is profitable because 
it attracts only the good risks from the pool- 
ing contract. An equilibrium is characterized 
by separation of borrowers of different risk. 
Borrowers with high probability of default 
choose a contract with a higher interest rate 
and a lower collateral than borrowers with 
low probability of default. 


I. The Model 


Consider a credit market with two types of 
entrepreneurs or firms, i= a,b. Each en- 


?A similar argument can be developed if investors 
can choose among a variety of projects with different 


_ riskiness. Collateral requirements can serve as an incen- 


tive mechanism because a higher collateral enforces a 
selection of less risky projects (see my 1984a paper). 
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trepreneur has the opportunity to undertake 
a project which requires a fixed amount of 
investment 7.’ The return to firm-i’s project 
` is given by a random variable 0< R, 
< R; with distribution function F(R). As in 
` Stiglitz and Weiss, it will be assumed that R, 
corresponds to greater risk than R, in the 
sense of a mean-preserving spread, 4 such 
that 


(1) E{R,} =E{R,}, 
J IF(R)-E,(R)] aR = 0, 


for all y > 0. Furthermore, let F,(R)> 0 for 
all R>0O,° i=a,b. There are N, en- 
. trepreneurs of type i. 

Entrepreneurs have an initial wealth en- 
dowment of W < I. They finance their proj- 
ects by borrowing the amount B=I-—W. 
Given the ican size B, a credit contract y = 
(r,C) is sp. fied by the rate of interest r 
and the co-.ateral C charged by the bank. 
Entrepreseurs may face costs to collaterali- 
zation. “or simplicity, these costs will be 
assumed to be proportional to the amount of 
collateral by a factor k > 0. Firm i is said to 
be bankrupt if C+R,;<(1+r)B. If this 
happens, the bank becomes the owner of the 
investment project and its returns. Therefore, 
the expected profits of firm i by undertaking 
the project under a credit contract y are 
given by 


(2) 11,(y) =£{max[R,-(1+r)B-kC, 
—(1+k)c]}. 


On a loan y to firm i the bank receives the 
expected rate of return 


(3) p(y) = E{min[(1+r)B, R, 
+C]-B}/B. 


3Since the amount of investment is taken to be fixed, 
it cannot be used to convey information about a bor- 
rower’s default risk. For models in which the level of 
investment is used as a signal for the repayment prob- 
ability of borrowers, see my 1984b paper, and Hellmuth 
Milde and John Riley (1984). 

4See Michael Rothschild and Stiglitz (1970). 

5 This condition ensures that there is a positive prob- 
ability of default whenever the interest payments of a 
credit contract exceed the collateral. 
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Only contracts wih C<(1+r)B will be 
considered. Banks finance their credit offers 
by funds from depesitors. If a is the interest 
rate paid on deposits, then the bank’s net 
profits on a loan ~ to firm i are given by 
[p;,(y)— 7] B. The supply of loanable funds 
to the banking syst2m will be described by a 
function L‘(- ) of v. Let L° be continuous, 
strictly increasing aad let L°(0) = 0. 

Banks are unable to distinguish borrowers 
of different risk directly. They can do so only 
by offering a pair (y,, Yg) of different credit 
contracts that act 5 a self-selection mecha- 
nism. The pair (y,, +g) is said to be incentive 
compatible if 


(4) T,(y.) 2 II, Qyg); I, (Yg) > My (Ya)- 


It is assumed that tanks act as perfect com- 
petitors, that is, each bank takes the rate of 
interest m on deposits and the set of credit 


© offers by competing banks as given and as 


independent of its cwn actions. 

Entrepreneur i will invest only if he re- 
ceives a loan y suck that II;(y)> (1+ 7)W. 
Whenever’ a pair Y« Yg) of contracts is 
offered, he prefers tne contract which maxi- 
mizes his expected profits.” Hence, given the 
number of investors of each type and their 
decision rule, the demand for credit depends 
upon the set of avaiable loan offers {Ya Yg} 
and may be written zs L4(y,, Ye). 


I. Credit Market Equilibrium 


Whether a particular entrepreneur is will- 
ing to undertake à p -oject or not depends on 
the set of credit centracts ‘offered by the 
banking system. Figere 1 shows the indiffer- 
ence curves? of eact type i of firms for all 
contracts y such tha II,(y)= (1+ 7)W. Be- 
low b,b’, all b investors wish to obtain a 
loan while type a firms do so below a, a’. As 


6If C>(1+r)B, then.a firm would never admit to 
being bankrupt. Hence, i is assumed that bankruptcy 
becomes observable only after a firm declares to be 
bankrupt. 

7 The case of risk-avers: entrepreneurs is studied in 
my. 1984a paper. 

®Notice that investors indifference curves will in 

general not be concave. 
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= (14#A)B 


FIGURE 1 


shown in Figure 1, one has 
(5) Tl,(y)>IL,(y) if C<(tr)B, 


because firm i’s profits are a convex function 
of R,. As was observed by Stiglitz and Weiss, 
an increase in the rate of interest or an 
increase in the collateral that entails a shift 
from region I to region II will result in 
investors of type a dropping out of the 
‘market. However, the less-risky borrowers 
are more profitable for the bank. Since the 
bank’s rate of return on a loan to en- 
trepreneur i is a concave function of R,, one 
obtains 


(6) Pa(y)> p(y) if C<(1+r)B. 


Hence, even when there is an excess de- 
mand for loans it may not be profitable for a 
bank to enter the market by raising the rate 
of interest r, or the collateral requirements 
C. The reason is that only the less-profitable 
borrowers of type b might find this offer 
attractive. Therefore, Stiglitz and Weiss argue 
that credit may be rationed in a competitive 
equilibrium. 

In the following, it will be assumed that 
investor i will first apply for his preferred 
contract if he faces a pair (y,, Yg) of credit 
offers. But, should he be denied credit, he 
may apply also for the cther contract. There- 
fore, the bank’s total profits on, say, contract 
Ya depend also upon the fraction of bor- 
rowers who are rationed at yg. The fraction 

_of firms that receive credit under the terms of 


SEPTEMBER 1985 


y; when applying for it will be denoted by 
Xp where o<A sT. l 

The tuple {(Yž, YA), (A%, Nh), 7*} is called 
a credit market equilibrium if, when bor- 
towers choose among contracts to maximize 
an profits: (i) each contract y* and 

$ yields zero profits to the bank; (ii) any 
ditional credit offer y will make no prof- 
its; and (iii) there is no excess supply of 
funds. f 

By requirement (iii) of this definition, it is 
assumed that competition among depositors 
will lower the “deposit interest rate q as long 
as L'(r)> L*(y,, Yg). Note that this does 
not preclude the possibility of an excess de- 
mand for loans. Credit rationing is said to 
occur if some entrepreneur i faces a positive 
probability of being rejected at each contract 
y;* which maximizes his expected profits and, 
at the same time, I (y*)> (+ 7*)W. 

An equilibrium will not exhibit rationing if 
entrepreneurs. can provide collateral at no 
cost. Indeed, if collateral requirements cause 
no loss in welfare, then lenders can avoid 
any risk associated with a loan by offering 
contracts that lie on the C= (1+ r)B line in 
Figure 1. The default rate for these loans is 
zero and, therefore, no adverse selection oc- 
curs. Banks can profitably exploit any excess 
demand for credit by raising r and C simul- 
taneously along C= (1+r)B and rationing 
disappears in equilibrium. This shows that a 
credit market equilibrium with y* = yf = Yğ 
may always be found on the C= (1+ r)B 
line if k= 0. It satisfies p,(y*) = 9,(y*)= 
a*, and there is no rationing. 

This solution to overcome the problem of 
adverse selection will not be efficient if the 
use of collateral implies costs. Banks may, 
however, use contracts with different col- 
lateral requirements as a self-selection mech- 
anism. This is possible if the preferences of 
investors depend systematically upon their 
type.’ Entrepreneur i’s marginal rate of sub- 
stitution between r and C at contract y is 
given by 
F((+r)B-C)+k 
M ov) =- HEB ©) 


[1-F(Q+r)B-C)|B° 


?See, for example, Michael Spence (1973) and Riley 
(1979). 
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By second-order stochastic dominance, one 
must have F,(R)> F,(R) for R sufficiently 
low. Hence, if F,(R)—F,(R) does not 
change sign over [0,(1+r)B-—C], en- 
trepreneurs of type a will exhibit a higher 
marginal rate of substitution at y than en- 
trepreneurs of type b. This means that they 
are inclined to accept a higher increase in 
collateral for a given reduction in interest 
payments than entrepreneurs of type b. 
Therefore, the collateral can be used to re- 
veal the riskiness of an entrepreneur’s proj- 
ect. In the following, it will be assumed that 
F,,(R)— F,(R) is positive over (0, R, — W). 
This condition ensures that? o,(y)> o,(y) 
everywhere in region I of Figure 1, because 
entrepreneur a will not undertake a project 
if(+r)B-C>R,-W. 

The fact that the indifference curve of 
investor b is steeper than investar a’s at any 
contract y enables banks to offer a pair of 
different, incentive compatible ccntracts as, 
for example, (y,*, yg‘) in Figure 2. Moreover, 
it implies that competition between banks 
will not be restricted to separate variations 
of either the rate of interest or-the collateral. 
For this reason, credit rationing will turn out 
not to be viable against competition. In ad- 
dition to the entrepreneurs’ indifference 
curves a,a’ and b,b’, Figure 2 depicts the 
bank’s iso-rate of expected return schedule 
for loans to each type of borrower as a, a’ 
and £, B’, respectively. Hence, for example, 
Pa(Y) remains constant along a,a’. The 
bank’s indifference curve for loans to type-i 
investors has a slope of 


(8) m(y)=-F((l+r)B-C) 
/\l-F((+r)B-C)]B 


at contract y. in (7,C) space. For k > 0 it is 
less steep than investor i’s indifference curve 
at y. In Figure 2, contract yf and yj are 


‘Notice that this condition is already implied by 
(1) in the case of two-outcome projects, i.e., if R, and 
R,, are discrete random variables with only two possible 
realizations. Moreover, the condition would always be 
satisfied if, instead of mean-preserving spreads, the case 
of first-order stochastic dominance is considered. 

11 Of course, an identical argument can be developed 
for n different types of borrowers. 
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FIGURE 2 


depicted so as to satisfy the conditions of the 
following theorem!” 


THEOREM 1: Let {(y¢, yf), (At, N4), 7*) 
be a credit market equilibrium ard let both 
contracts yg anc yg be demanded by en- 
trepreneurs. Then there is no rationing at y* 
or at y#, and Eoth contracts are incentive 
compatible. Moreover, m* = p (Y) = p (Yğ). 
Ifk >0, then C$ > C =0. 


A simple argument establishes that there 
cannot be rationing at yf or yj in Figure 2. 
A type-a borrower feels rationed at y* only 
if AX <1 and I,(y*)>(1+7*)W. How- 
ever, in such a Stuation, a competing bank 
could enter the market and raise r* by a 
small amount. AT borrowers who are denied 
credit at y* would apply for this new offer. 
Since it yields bagher returns to the lender 
than yx, market sntry would be profitable, a 
contradiction to zequirement (ii) of an equi- 
librium. This proves that entrepreneurs of 
type a are never rationed in equilibrium. 

Suppose that some investors of type b are 
rejected at yj. Since these borrowers will 
apply also for y¥, there must be pooling of 
different entrepreneurs at y*. Now, consider 
contract y in Figure 2 being offered in ad- 


las shown by Eothschild and Stiglitz (1976) and 
Charles Wilson (1977), a competitive equilibrium may 
not exist. My Theorem 1, however, may be extended to 
Riley’s “Reactive Equilibrium,” or to Wilson’s “Antic- 
ipatory Equilibrium” (see my 1984a paper). 
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dition to y and yj. This offer will attract all 
firms of type a, but only those of type b who 
are rejected both at yj and y*. Therefore, 
the relative number Of type-a to type-b loan 
applicants will be higher at y than at y. 
According to (6), entrepreneurs of type a are 
more profitable for the lender than those of 
type b. Hence, if y% yields zero profits, 
contract y can be chosen to make a positive 
profit for the bank, contradicting the defini- 
tion of equilibrium. This proves that there 
can be no rationing or pooling if yž and yğ 
in Figure 2 constitute an equilibrium. The 
zero-profit condition, therefore, implies +* 
= Pal Ye )= Pal Yf ). 

It remains to how that the set {yž, yj} is 
in fact the only possible equilibrium. Among 
all contracts satisfying p(¥) = a*, yg is the 
most preferred by type b investors. There 
is also no contract that could make en- 
trepreneurs of type a better off than y* 
without either rendering losses to the bank 
or attracting high risks from yğ. Therefore, 
any other configuration of ican offers, which 
yields zero profits to the lender, is either 
dominated by (7%, yg‘) or it involves pooling 
of different investors at some contract. Since, 
according to the above argument, pooling is 
never viable against competition, any equi- 
librium must satisfy the conditions of The- 
orem 1. 

Theorem 1 explains the widespread use of 
collateral requirements in debt contracts. 
Since collateral in general is costly, its use is 
inefficient under perfect information. How- 
ever, collateral requirements can be ex- 
plained as a response to imperfect informa- 
tion. They may serve to reveal information 
about the default risk of loan applicants. 
High-risk borrowers can be identified be- 
cause they prefer loan contracts with lower 
collateral and a higher interest rate. In an 
equilibrium, the level of collateralization is 
negatively related to the riskiness of the bor- 
rower’s investment project. 


HI. Conclusions 


Problems of adverse selection cast serious 
doubts on the appropriateness of the Wal- 
rasian equilibrium concept in markets with 
imperfect information. If the average quality 
of supplied goods is positively related to the 
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market price, then buyers have an incentive 
to fix the price above the market-clearing 
level. In this situation, sellers become ra- 
tioned because buyers prefer to pay a higher 
price in exchange for higher quality. As 
another response to adverse selection, a sig- 
nalling convention may emerge. Sellers of 
high-quality goods invest in observable char- 
acteristics to distinguish their products from 
those of lower quality. In this case, the sim- 
ple Walrasian auction market is replaced by 
a more complicated market for contracts. 
Typically, the price at which goods are ex- 
changed is only one among several other 
characteristics of such contracts. This paper 
has investigated the question how the market 
reacts if both signalling and rationing are 
a priori feasible alternatives. In the frame- 
work of credit markets under imperfect in- 
formation, it has been established that no 
borrower will be denied credit if banks use ` 
the collateral requirements of their loan con- 
tracts as a signalling mechanism. Signalling 
mechanisms eliminate demand rationing in 
competitive equilibrium. This suggests that 
theories which attempt to explain rationing 
by adverse selection effects also have to’pro- 
vide an explanation why screening devices 
cannot be adopted. 

In this paper, the applicability of self- 
selection mechanisms has been established 
under assumptions which are stronger than 
those of Stiglitz and Weiss. First, a ‘signalling 
equilibrium in the credit market necessitates 
a monotone felationship between the riski- 
ness and the preferences of different bor- 
rowers. It has been shown that this condition 
is satisfied under an additional assumption 
on the probability distribution of returns on 
investment projects. Second, low-risk en- 
trepreneurs have been assumed to be able to 
raise a sufficient amount of collateral to dis- 
tinguish themselves from high risk ones. This 
is important because, obviously, perfect sort- 
ing in a credit market equilibrium may be 
impossible if some low-risk firms face a bind- 
ing constraint on the amount of collateral 
they can provide. Thus, only partial screen- 


13 The results of Section II remain valid, however, if 
the maximum amount of collateral is determined by the 
assumption that the marginal costs of a higher collateral 
are increasing and tend to infinity at some level C. 
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~ ing may be possible and adverse selection 
could still arise, if the necessary conditions 
for market signalling are not fulfilled. 
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The Conformity of Wage-indexation Models 
with “Stylized Facts” 


By GARY FETHKE* 


In a recent paper, Bennett McCallum 
(1982) lists, what he considers to be promi- 
nent empirical regularities or “stylized facts” 
of aggregate economies. In particular, he 
notes that “...output and employment mag- 
nitudes are strongly related to contempora- 
neous money stock surprises, [but that] 
...Output and employment magnitudes are 
not strongly and positively related to con- 
temporaneous price level surprises” (p. 4). 
These facts have prompted McCallum and 
others to develop models of the economy 
where prices as well as wages are prede- 
termined. The main feature of such models is 
their abandonment of aggregate-supply for- 
mulations where price level disturbances pro- 
vide a channel for the real effects of money. 

The purpose of this paper is to demon- 
strate the consistency of familiar Gray and 
Fischer wage-indexing models and their im- 
plied aggregate-supply relationship with the 
stylized facts (see JoAnna Gray, 1976; Stan- 
ley Fischer, 1977). In a model where the 
nominal wage is indexed to the price level, 
the efficient use of the information conveyed 
by the price level imposes qualitative restric- 
tions on the covariance matrix of dis- 
turbances. First, the correlation between the 
price level and innovations in the deviation 
of actual output from the full-information 
output level will be zero. Second, because the 
money supply contains information about 
real disturbances that is not conveyed by the 
price level, the correlation between money 
supply innovations and innovations in the 
deviation of output from the full-information 
level will be positive. Third, the regression of 
innovations in actual output on the price 
level will provide an estimate of the optimal 
degree of indexation. Evidence that is gener- 


*University of Iowa, Iowa City, IA 52242. I thank 
Andrew Policano and John Kennan for helpful com- 
ments. 
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ally consistent with these properties of 
wage-indexation models is found in quarterly 
data for the five largest OECD countries. 

Consider the familiar aggregate formu- 
lation:! 


(1) y= c (p, E Pica) (1+ c)e, 


c C>0, 


(2) Y, = — ar, + a( Prati =, P,)+ u, 


a>o0, 


(3) m,— p,= biyi bar, + v, 


b,,b,>0. 


Here, y, is the logarithm of real output, r, is 
the nominal rate of interest, m, is the loga- 
rithm of the money stock, p, is the logarithm 
of the price level, and p,,_; and P +i- 
denote the mathematical expectations of p, 
and p,,, formed at period t —1. The infor- 
mation set at t —1 includes knowledge of the 
model’s structure and values of all variables 
dated +—1 and earlier; it does not include 
information about t-perioď variables. The 
disturbance terms ¢,, u, and v, are uncor- 
related white noise processes, with variances 
o2, 92, and o2. For convenience, all con- 
stants are suppressed. 

The aggregate-supply schedule, equation 
(1), presumes that wages are established at 
the end of period t—-1 so as to equate the 
expected demand and supply of labor. Em- 
ployment is determined ex post by the labor 
demand schedule. Substitution of the prede- 


l Except for the rationalization of the aggregate-supply 
schedule, this model is similar to that of Thomas Sar- 
gent and Neil Wallace (1975). For a complete develop- 
ment of the aggregate-supply schedule for both the cases 
of a predetermined and indexed nominal wage, see my 
article with R. Jackman (1984). 
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termined nominal wage into the labor de- 
mand schedule and then employment (labor 
demand) into the production function yields 
equation (1). For simplicity, labor supply is 
assumed fixed which implies that the full- 
information level of output is determined as 
yy = Ey 

In equation (2), real income depends on 
the real rate of interest with investors form- 
ing their expectations of the price level in 
period ¢+1 based on information available 
at time ¢—1. Equation (3) is the portfolio- 
balance equation. 

To complete the model, either the money 
supply or the interest rate can be selected as 
the policy instrument. The choice of policy 
instrument, however, will affect the informa- 
tion content of the price level (see my article 
with R. Jackman). Under a money supply 
rule, disturbances in the money market will 
influence both the price level and the level of 
output through their effect on the interest 
rate. Alternatively, under an interest rate rule, 
output and the price level are isolated from 
random disturbances in the money market. 
Since one concern here is with the relation- 
ship between output and money supply in- 
novations for the case where the money 
supply conveys information about productiv- 
ity disturbances, the interest rate is selected 
as the policy instrument. The case of a money 
supply rule is presented in the Appendix. 

To achieve a determinate price level under 
an interest rate rule, it is assumed, following 
an argument provided by McCallum (1981), 
that the monetary authority selects the value 
of the interest rate such that 


(4) r= by *( Dy Yea + Pye — %); 


where m* is an exogenously determined 
target level of the money stock. Thus, the 
interest rate is set at ¢-—1 to equate the 
expected demand for money with the target 
money stock. For simplicity, let m* = 0. 

It is convenient to first solve the model 
based on information available at ¢—1 and 
then to introduce the current-period infor- 
mation that results from indexation of 
nominal wages to the price level. In this 
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formulation, P,,-1 = Pr+iyp-1= 9.” The ra- 
tional expectations solution for the price 
level, the money supply, and the deviation of 
output from the full-information level are 


(5) p=[u,-(1+c)e]+(a+e), 
(6) m,=[(+¢)(ab,—-l)e,+ (1+ b,¢,)u, 
+(at+c,)v]+(a+e), 


(7) y= yt = [cu + (ca cy) 
+(a +c). 


In the standard models of wage index- 
ation, the nominal wage is adjusted to re- 
flect the information contained in p, No 
other current-period aggregate variable is ob- 
served.’ In equation (1), the slope of the 
supply schedule c, is initially treated as a 
fixed parameter. If the nominal wage is in- 
dexed to the current price level, instead of 
being predetermined, then the slope of the 
supply schedule will depend on other param- 
eters of the model. Define c} = c(1— y) where 
y is the indexation parameter. Indexation of 
the wage rate to the price level involves using 
the information conveyed by the price level 


2Substitute equation (4) into equation (2) and then 
solve equations (1) and (2) for the price level: 


(a t c) Py on (aà 5 c/ bz) Pir-i + OD 4 emt 
— (ab; /b2) J-i -(1+ c)e, Fu. 


Forward this expression j periods and then take expec- 
tations of p,,.; conditional on period ¢ —1 information; 
this yields p,4 1 = (52/0 + b2)) Prajrie-1- Set f=1 
and solve forward to obtain p44.) = (b2/(l + 
by) Pis Ny-i If Des ny—1 is finite, then Perig- =O 
for large N. To obtain the result that pyp; = 0, sub- 
stitute p,41,-1= 0 into equation (2) and then form 
expectations of equations (1)—(3) based on period ¢~1 
information, with r, given by equation (4). Solving the 
resulting equations gives p,,. = 0. 

31t is easy to demonstrate that observation of p, and 
m, under the interest zate regime will reveal the produc- 
tivity disturbance, ¢,, and thus reveal the natural rate of 
output. It is more čifficult to understand, since the 
wages can be indexed to the price level, why wages are 
not also indexed to the money supply; see Benjamin 
Eden (1983). 
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to form the minimum mean square, “opti- 
mal,” estimate of output. The degree of in- 
dexation is chosen to equate the conditional 
expectation of actual output to the condi- 
tional expectation of full-information out- 
put; that is, the indexation parameter, y, is 
selected such that E[(y,— y,*)|p,]=0. The 
resulting value for the optimal degree of 
indexation is given by 


(1+ c)ao? 
o2+(1+¢)o2’ 
with a<1l—y<l. 


(8) y=1- 


The optimal use of the information con- 
tained in the price level imposes restrictions 
on the covariances between innovations in 
the deviation of output from the full-infor- 
mation level, innovations in the money stock, 
and disturbances in the price level. Since the 
degree of indexation is found by setting the 
indexation parameter and thereby the slope 
of the supply schedule such that E[(y,—- 
y;*)| p,] = 0, optimal indexation implies that 
innovations in output deviations from the 
full-information level are not correlated with 
the current price level. 

On the basis of information available at 
t—1, the covariance between innovations in 
actual output and innovations in the price 
level (computed from equations (5) and (7)) 
is 


o2—a(1+c)*o2 


(9) Cov(y,, p,) = OK: 0. 


VIA 


When the information contained in p, is 
efficiently used to index wages, the covari- 
ance between y, and p, is negative. Using 
_ equations (8), (9), and c;=c(1—y), l 


(10) Cov(y,, p.) 


_ —(1+¢)02(02+(1+ ¢)o2) P 


0. 
a(o? +(1+ c)’o2) 

In fact, optimal indexation of wages to the 

price level imposes an identification restric- 

tion in the regression of actual output in- 

novations on the price level. With wages 
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(11) E(ylP.) = | 


—a(l+c)o? 
ap +(i+e)o | 
Here, one plus the population regression 
coefficient equals the optimal degree of wage 
indexation, y (see equation (8)). If the ag- 
gregate-demand function is stable, o2 = 0, 
then productivity shocks e, will shift aggre- 
gate supply and yield. a correlation of minus 
one between the price level and output in- 
novations. If the aggregate-supply function is 
stable, o? = 0, then optimal indexation im- 
plies a zero correlation between price and 
output innovations. The general case re- 
quires a negative correlation. 

When wages are optimally indexed to the 
price level, innovations in output deviations 
will be correlated with innovations in the 
money stock. Under the pure interest rate 
rule (equation (4)), money supply shocks v, 
do not affect either output or the price level; 
however, the current money stock dis- 
turbance does contain information about y, 
— y;* that is not contained in the price level.4 
Specifically, the covariance between innova- 
tions in the money supply and innovations in 
the deviations of output from the full-infor- 
mation level is determined from equations 
(6), (7), and (8), and is given by 


(12) Cov( Vn yes m,) 


_ byc(1+¢)0Z0? x 
o2 +(1+c)02 


This configuration of optimal wage index- 
ation and a noncontingent interest rate rule 
provides one example of an economy where 


4Under a money supply rule, in contrast to the 
interest rate rule, disturbances in the money market will 
affect output; see the Appendix. The choice between 
policy rules depends on which rule, when combined with 
optimal wage indexation, will provide the most informa- 
tion about real disturbances. If, for example, there are 
substantial disturbances in the money market relative to 
the goods market, an interest rate rule that isolates the 
labor and goods markets from disturbances in the mon- 
ey market will be preferred to the money-supply rule. 
These issues are addressed by myself and Jackman. 
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the money supply has no direct impact on 
output, but where it is possible to identify a 
positive correlation between contempora- 
neous surprises in output deviations and 
surprises in the money supply. Furthermore, 
even though price disturbances have a direct 
effect on output through the aggregate-supply 
function, equation (1), the correlation be- 
tween the price level and output surprises, 
measured as deviation from the full-informa- 
tion level, is nonexistent. These restrictions 
on the covariances of innovations result from 
the efficient use of price level information 
and not from the particular mechanism cho- 
sen to incorporate that information. If the 
interest rate or the money supply were opti- 
mally contingent on the price level, the same 
level of efficiency as that achieved under 
optimal wage indexation would result (see 
my article with Jackman). 

Table 1 presents estimates of the contem- 
poraneous correlations between output and 


price level innovations for the five largest. 


OECD countries, using quarterly data from 
1955:I to 1981:IV. The first column presents 
the correlation between the first differences 
of the logarithms of output and the price 
level; this would be the correct specification 
if the logarithms of output and the price 
level each followed random walk processes. 
The second column represents the contem- 
poraneous correlation of the innovations 
from a three-variable vector autoregression 
of order two, where the variables are the 
logarithms of output, the price level, and the 
money supply. The vector autoregression also 
includes a quadratic trend and seasonal 
dummy variables. 

As predicted by a model in which current 
price level information is used tó forecast 
current output, the correlations between the 
price disturbances and the disturbances in 
actual output are typically negative: for all 
five countries and for both measures of the 
contemporaneous correlation between out- 
put and price level disturbances, the relation- 
ship is estimated to be negative. The esti- 


5 Charles Nelson (1979) and Christopher Sims (1980) 
estimate negative covariances between innovations in 
output and the price level for the postwar U.S. econ- 
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TABLE 1— CONTEMPORANEOUS CORRELATIONS BETWEEN 
INNOVATIONS IN QUTPUT AND THE PRICE LEVEL 
FOR FivE OECD COUNTRIES, QUARTERLY Data, 

19£5:I-1981:IV* 


Country Corr(Ay,Ap) Corr(}, P) 7 

Canada — .249 —.174 766 
Germany” —.134 — 057 825 
Japan — 086 — .020 .963 
United Kingdom — 295 — 137 848 
United States — 342 — .414 — 051 


*The price and output series are the logarithms of 
real GDP (or GNP) and the logarithm of the GDP (or 
GNP) deflator for all countries except Germany, where 
output is measured ty the logarithm of the index of 
industrial production and the price level by the loga- 
rithm of the producer price index. The data are from the 
National Accounts Statistics, National Accounts for 
OECD Countries, various issues. The following notation 
is used: Ay and Ap measure the first difference of the 
logarithms of output and the price level; and p are 
the innovations in output and the price level that derive 
from a three-variable vector autoregression of order two, 
where the variables are the logarithms of output, the 
price level, and the money supply; finally, ¥ measures 
the implied degree of indexation formed by adding one 
to the regression coefficient in the regression of output 
innovations on price “evel innovations. 

>Using GNP data rather than industrial production 
for the period 1960:I-1981:IV, Corr(A y, Ap) = —.349 
and Corr(}, P) = —.188. The implied degree of indexa- 
tion for this period is 7 =.506. 


mate of the optimal degree of indexation, 
measured by adding one to the estimate of 
the regression coefficient in a regression of 
output innovations.on the price disturbances, 
is given by the final column of Table 1. The 
result for the United States, which indicates 


omy. The evidence, across economies, using monthly 
data on industrial production and the wholesale price 
index is mixed; see Patrick Geary and John Kennan 
(1982). Kennan pointed out to me that the negative - 
correlation between output and price level innovations 
may be partially the result of the measurement error 
that is introduced when real GDP is determined by 
dividing nominal GDP by the GDP deflator. In loga- 
rithms, let X= p + ğ where X, p and j are the true 
values of nominal GNP, the price level and real GNP. If 
x=X+7 and p= ĵ + e, where Var(q) and Var(e) < o 
and Cov(np) = Cov(ep) = Cov(eX) = 0, then Cov( py) 
= Cov( pp)+Cov(en)—Var(e). The effect of measure- 
ment cannot be determined. Given the way that nominal 
GNP and the GN? deflator are measured, however, 
there is no reason to suspect any particular covariation 
between e and n. 
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essentially no indexation- for the aggregate 
economy, contrasts with that of the other 
OECD economies, where the degree of in- 
dexation implies a rigid real wage. 

In summary, there is support in these data 
for the prediction that the optimal use of 
price level information in an economy sub- 
ject to both demand and supply shocks will 
lead to a nonpositive correlation between 


innovations in actual output and the price — 


level. This prediction is compatible with an 
economy where the price level is “flexible 
(i.e. not predetermined) and where the 
aggregate-supply schedule exhibits a positive 
slope based on a transactions-cost model for 
` determining the nominal wage. The slope of 
the aggregate-supply schedule is determined 
endogenously and depends, through wage in- 
dexation, on the variances of demand and 
supply disturbances. | 


APPENDIX: THE CASE OF A MONEY 
SUPPLY RULE 


For convenience, represent equation (3) as 
m,— p,=b,y,— byr,, where m, is a white 
noise process that is uncorrelated with u, 
and e, The rational expectations solutions 
for the price level, the interest rate, and the 
deviation of output from the full-information 
level are given by 


(Al) p, = [bzu, + am,—(1+c)(ab, + b,)e,] 
+[a(1+ b,)+(ab, +b,)e], 


(A2) 


r= [a + b,c) u, ~(a + c,)m, 
— (1+ e)(1—ab,)e] 
+[a(1+b,)+.(ab,+b,)e], 
(A3) yO Ie = [(a(a+ by )e 


— (ab, + b,)ci)e, + (bzu, + am,)¢,| 
+[a(1+b,)+(ab,+b,)c], 


where, again, Po-i™ Pii- F 0. 
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With c} =c(1—y,,) and y,, selected such 
that E[(y,— y*)|p,] = 0, 


(A4) Yn = 


___a(1+b,)(ab, + b,)(1+¢) 02 
b202 + a?o} +(1+c)(ab, + ba} 02 


When wages are optimally indexed, Cov( y, 
— y;*, P,) = 0, however, 


(A5) Cov( y,— y*,m,) 
ca(ab, + b,)(1+ ¢)a202. w 
b202 + ao2 + (1+ c) (ab, + bY o2 l 
The regression of actual output on the price 
level yields 


(A6) E[xylp.] 


— a(l + b,)(ab, + b,)(1+ c)o? 
b302 + a?o} + (1+ c)(ab, + ba) o2 j 


One plus the regression coefficient equals y,,. 
While the indexation parameters differ, the 
qualitative results regarding the covariances 
of innovations are the same as those for the 
interest rate rule. 
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Auctions with Contingent Payments 


By ROBERT G. HANSEN* 


There now exists a host of results concern- 
ing the revenue performance of various auc- 
tion methods. This note delves deeper into 
auction markets by examining the effects on 
sellers’ revenue of certain noncash means of 
payment. The basic result—that bidding 
mediums which include some contingent 
pricing feature generally yield the seller more 
revenue than do cash bids—is intriguing by 
itself and also points out the limitations of 
received theory. 

Since what follows builds on the indepen- 
dent-preferences framework, it is useful to 
first note the assumptions of that model and 
the major results pertaining to it. To model 
an auction in the independent-preferences 
tradition, one assumes that bidders have 
reservation values, V,, that are known only 
privately and that can be depicted as being 
drawn independently from some distribution 
F(V). The most important result for this 
model is the revenue equivalence theorem: as 
given in John Riley and: William Samuelson 
(1981), any auction involving risk-neutral 
bidders for which the following four condi- 
tions hold: 

(a) a buyer can make any bid above 
some minimum “reserve” price, 

(b) the buyer making the highest bid is 
awarded the object, 

(c) the auction rules are anonymous, 
and 

(d) there is a common equilibrium bid- 

_ding strategy in which each buyer makes a 

bid 5b;, which is a strictly increasing function 
of his reservation value V,, yields an expected 
revenue of 


(1) E(revenue) 


= f (ve) + FV)- EV)" ar 


*Amos Tuck School of Business Administration, 
Dartmouth College, Hanover NH 03755. I thank Richard 
Bower, Dennis Logue, John Riley, and two referees for 
helpful comments. Financial support was received from 
the Tuck Associates. 
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where. n = number of bidders and V*= 
reservation value below which it is unprofit- 
able to submit a bid.t 

The limitations of this result can be pointed 
out by considering two common noncash 
bidding methods, stock bidding in the mar- 
ket for corporate control, and profit-share 
bidding in oil lease auctions. Under inde-. 
pendent-preferences assumptions (and the 
additional condition that some variable cor- 
related with the V, becomes observable 
ex post), both of these auction methods yield 
expected revenue strictly greater than that 
given by (1).? The examples are quite simple 
yet it should be clear that they imply a 
general result on the dominance of contin- 
gent-payment bidding mediums. 


I. Stock Bidding 


Consider an auction involving one “target” 
firm and n potential “acquiring” firms. Each 
acquiring firm has value of itself equal to X 
(X will later be’ allowed to vary); the tar- 
get has value to acquiring firm A, of- V;. To 
meet independent-preferences assumptions, 
assume that the V; can be represented as 
independent draws from the distribution 
F(V), that V; is known only to A;, and that 
X is publicly known. 

Suppose then that the target firm is sold 
by an open (progressive), cash-bid auction 
with zero reserve price. From standard auc- 
tion theory, the high bid 5* for this auction 
will be 


(2) 
where V, equals the second highest of the V,. 


r 


2) 


b*= 


1See Riley and Samuelson (pp. 382-83). 

? The findings here do not technically contradict Riley 
and Samuelson’s proposition because their (implicit) as- 
sumption is that V, is unobservable even ex pest. Also, 
for the auction rules considered here, property (c) con- 
cerning anonymity does not hold: the same bid can 
entail different payments for different bidders. 
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Furthermore, the auction will be won by the 
firm that values the target highest, and the 
seller’s expected revenue equals the expecta- 
tion of the second-highest value. — 

Suppose instead that the target requires 
open bidding of stock offers, where a stock 
offer is defined as the percentage of the 
merged entity that the target will own after 
trade. The highest-percentage bid naturally 
decides the winner. 

Then it is clear that a dominant bidding 
strategy is to bid up to 


(3) PV) = (WA X+%,))- 


The i with the highest V, still wins this 
auction, and the high bid p* will be 


p*= pa) = (Va/(X +V), 


where V, is again the second-highest value. 
Interestingly, the value of p* to the target is 
piven, as 


‘value to target = 2 ( X + V,) >V, 


X+ 7 
= high cash bid, 


where V, is the highest value. For every 
possible set of V, the open stock auction 
therefore yields more revenue than the open 
cash auction (the revenue for which equals 
revenue from other common auction rules, 
for example, cash-sealed high bid). 

Of course, the assumption that all acquir- 
ing firms have the same value X is not very 
realistic. However, we can allow acquiring 
firm i to have value X,—as long as this is 
known publicly4—and a stock auction will 
still yield more revenue than a cash auction 
(which is unaffected by acquiring-firm val- 


ues). The auction procedure now becomes’ 


more complex, but, at the same time, more 
interesting. l 

For this new model, the bidding variable 
for an open auction is still p;, the percentage 


‘Notice that V* does not differ between the cash and 
- stock auctions; in both cases V*=0. Also, expected 
revenue is still equal across open and sealed-bid auc- 
tions using stock bids. 

“My 1984 paper discusses cases where X, is only 
known privately. 
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of ownership that firm i offers. Now, how- 
ever, the target cannot simply choose the 
highest p-offer, for firms with low X, can 
make high p-offers. Suppose that the target 
announces that p-offers will be evaluated 
according to a function Z, where 


(4) Z( p;) = (p;X;/(1- p,)). 


The firm offering the highest Z will win and 
pay its associated p-offer. 

Faced with this evaluation rule, acquiring 
firms have a dominant strategy of bidding 
up to wo 


(5) př = (F;/( X; + V;)). 


There would be no reason to stop bidding at 
a lower p and forego possible gains; likewise, 
there would be no reason to bid more than 
př since upon winning that would entail 
paying more than value. 

Notice that (5) implies each firm offers a Z 
up to 


(6) 2t= (piX,/(1~ pt) =F; 

This is, of course, why the target’s rule (4) is 
a sensible one. Furthermore, it then follows 
that the firm with the highest V, (call this 


firm W) will win the auction and will have to 
offer a p, such that 


(7) (Py Xe /- Py) = Vo 


since the second highest of the Z, will equal 
Vz. Equation (7) implies 


Py = (Vi/(X, + V)), 


so that the value of the winning p-offer to 
the target is given by 
value of p, to terget = p,( X, + V1) > Vn. 


The stock auction still dominates a cash auc- 
tion. 


Il. Profit-Share Bidding in Oil Lease Auctions 
Here, I must resort to some specific as- 


sumptions so that equilibrium does not 
degenerate to one where everybody bids a 
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profit share of 100 percent. Specifically, as- 
sume that the lease up for sale either has no 
oil, or it has oil worth V. All of n potential 
bidders agree there is a (1— p) chance of no 
oil and a p chance of “striking” V.° Unfor- 
tunately for the bidders, the cost to firm i is 
C, to find out the state of nature, and sellers 
share only in profits. To meet the indepen- 
dent preferences assumption, assume that the 
C, can be represented as independent draws 
from a distribution F(C). Firm i then 
calculates expected value of the lease as 
pV -C,. 

In an open cash auction with zero reserve 
price, the high bid b* will be 


(8) b* = pV~C, 


where C, is the second lowest of the C;. The 
auction will, as usual, be won by the firm 
having the highest value (lowest C,); ex- 
pected revenue for the seller is the expected 
value of b*. 

With open profit-share bidding where the 
highest share wins, firm i will bid up to’ 


(9) 4(C,) = ((pV-C) (pV - pC,)). 
The high bid q* will be 


q* = ((pV—C,)/( pV — pC,)), 


and the firm with the lowest C, will win. 
Expected value of q* to the seller is 


value of q* = ((pV—C,) 


/( PV — pC.) (p)V- C,) > pV - C= b* 


5 Douglas Reece (1979) and Walter Mead et al. (1984) 
have previously considered profit-share bidding and 
made similar assumptions (except for the informational 
assumptions; see fn. 6). Mead et al. cannot conclude 
that profit-share bidding unambiguously increases reve- 
nue; Reece finds an unambiguous increase but does not 
give an explanation such as that given here. 

Notice I am not employing the usual “mineral 
tights” assumptions of independent estimates on oil 
potential. : 

* The firm loses C, without a strike and gets (1 — g)(V 
~ C;) with a strike. 
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As for stock offers in the merger market, 

profit-share bidding increases expected reve- 
8 

nue. 


m. Conclusions 


A general principle can be drawn from the 
results for these two examples. The source of 
the gain from using contingent-payment bid- 
ding methods is that these methods allow the 
seller to capture some portion of the dif- 
ference between the two highest reservation 
values, V,—V,. Cash auctions, of course, 
yield expected revenue equal only to V,. With 
contingent payments, the “package” offered 
by the winning bidder (for instance, the profit 
share offered) is such that, if applied to the 
second-highest bidder, would yield that bid- 
der a zero profit upon winning and would 
yield the seller revenue of V,. The winning 
package will not, however, be applied to the 
second highest but to the first highest; it is 
this twist that allows the seller to capture 
some of V, —V,. 

It should also be pointed out that indepen- 
dent preferences do not capture all the 
aspects of any auction completely; however, 
to the extent that values do differ across 
bidders (for example, even in the generalized 
independent-preferences/mineral rights mod- 
el of Paul Milgrom and Robert Weber, 1982), 
the effects of contingent bidding rules should 
continue to hold. 
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inconsistent Equilibrium Constructs: The Evenly Rotating 
Economy of Mises and Rothbard 


By TYLER COWEN AND RICHARD FINK* - 


The growing disillusionment with the 
Arrow-Hahn-Debreu model of general equi- 
librium has led to an examination of alterna- 
tive constructions. Among the alternatives 
that have recently been studied are tem- 
porary equilibria, rational expectations equi- 
libria, and the evenly rotating economy 
(ERE).' This note will focus on the ERE. 
We will argue that, whatever problems equi- 
librium constructs may have in general, these 
problems are compounded by serious incon- 
sistencies in both the nature of the ERE and 
its suggested uses. 

We focus on four particular features of the 
ERE. First, it is the result of a convergence 
process initiated by a freeze of tastes, tech- 
nology, and resources (Murray Rothbard, 
1962, p. 273; Mises does not specify the 
conditions required for convergence); sec- 
ond, the events of a single market “day” 
continually repeat themselves (Ludwig Mises, 
1949, p. 247; Rothbard, p. 273); third, the 
ERE does not contain the Arrow-Hahn- 
Debreu restrictions of perfect futures markets 
and approximate convexities; fourth, the 
ERE contains money and money prices 
(Mises, pp. 416-17, 538; Rothbard, passim). 


*Departments of Economics, George Mason Univer- 
sity, Fairfax, VA 22030, and Harvard University, Cam- 
bridge, MA 02138, respectively. We thank the Center 
for the Study of Market Processes for support on this 
project. 

Not only is the ERE frequently used in modern 
“Austrian” literature (see Roger Garrison, 1978, for an 
example) but is also gaining numerous other adherents. 
In a recent talk at Harvard University (“Principles of 
Monetary and Fiscal Policy,” 1984) Robert Lucas ex- 
pressed his admiration for Mises’ ERE and noted its 
close similarity with much of his own work with over- 
lapping generations models. However, since Mises and 
Rothbard contain the primary statement and defense of 
the ERE, we shall focus our attention on their writings. 
Despite our critical tone, we wish to note our apprecia- 
tion of the elements of market process and order analy- 
sis in Rothbard and Mises. 


Both Mises and Rothbard Propose the fol- 
lowing uses of the ERE: 

1) The ERE can be used to explain or 
“predict” the direction of change (Mises, pp. 
244-45; Rothbard, pp. 275-76). Since the 
market economy is supposedly always mov- 
ing towards the ERE, a clear notion of the 
relevant end-state will tell us what state of 
affairs the market is tending to establish (but 


` will never actually reach).* 
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2) The ERE is an analytical building 
block or stepping stone towards analyzing 
complex phenomena in a world of change 
(Rothbard, p. 276). 

3) The ERE is a starting point for an 
analysis of the effects of particular changes. If 
we wish to analyze the effects of an exoge- 
nous shock upon the economic system, we 
start with a state where there is no change 
and then allow the new change to work its 
way through the system until the economy 
settles into equilibrium once again. Thus, 
we can isolate the effects of this change 
(Mises, p. 248). 

4) The ERE is used as a foil. Since the 
ERE is so unrealistic, it is supposed to shed 
light upon the real world by method of con- 
trast. For instance, examining a world in 
which there is no uncertainty and, hence, no 
entrepreneurship, may help shed light on the 
nature of entrepreneurship in the real world 
(Mises, p. 248). 


I. The ERE: A Critique 


Using the ERE to explain the direction of 
change in a market rests upon the notion 
that there is a “tendency” for a market econ- 
omy to approach equilibrium. “If our data 
—values, technology, and resources—re- 
mained constant, the economy would move 


2 Mises attaches the label “final state of rest” (p. 245) 
to this use of the ERE. 
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toward the final equilibrium position and 
remain there” (Rothbard, p. 275}. Although 
Rothbard later claims that verbal analysis is 
capable of explaining the convergence path 
(p. 278), no such explanation is forthcoming. 
In fact, there is no reason to believe that the 
economic system will settle into an equi- 
librium state, for as the analysis of Gerard 
Debreu (1959) implies, sequential transac- 
tions are not consistent with the notion of an 
intertemporal general equilibrium.’ Instead, 
all transactions across time must already be 
perfectly coordinated on the first day of trad- 
ing. Any attempt to do away with this stipu- 
lation is bound to encounter all of the prob- 
lems that have plagued mathematical general 
equilibrium convergence theory in the past. 
Unless the equilibrium of the system is pre- 
ordained (as it is in Debreu), it is nearly 
impossible for the learning processes of ac- 
tors to be so highly proficient and. adaptable 
as to allow for an actual convergence to 
equilibrium.* 

Among the specific problems preventing 
perfect plan coordination are income effects, 
disequilibrium production and consumption, 
nonconvexities, strategic behavior (resulting 
from externalities), and the potentially false 


price signals generated by the process of ` 


convergence. Mathematical general equilib- 
rium theory usually places sericus (and un- 
realistic) restrictions on these problems in 
order to generate a process of convergence. 
Even then, it is still often impossible to dem- 
onstrate convergence (see Franklin Fisher, 
1976). How can the ERE explain conver- 
gence without such restrictions?* 


3Also see Frank Hahn (1972). 

4Roman Frydman (1982) and George Richardson 
(1960) argue that learning processes will never converge 
upon an equilibrium. Existing “Austrian” models dem- 
onstrate convergence only for single markets under 
highly restrictive assumptions. See Jack High (1980, pp. 
148-76); S. C. Littlechild and G. Owen (1980). 

5Because the ERE does not stipulate a convex con- 
sumption set, people may have tastes for new and 
unique events or technologies where the “newness” or 
“uniqueness” is valued per se, thus making the initial 
“tastes freeze” self-contradictory. Likewise, the notion 
of freezing resources or resource patterns makes sense 
only in a world with no disequilibrium production or 
consumption to disturb the ability of physical processes 
to reproduce themselves. 
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However, even if we ignore the above 
problems, all that the Rothbard-Mises analy- 
sis implies is that there is a tendency towards 
equilibrium in a world with frozen data. Of 
course, this implies little or nothing about 
whether there is a tendency towards equi- 
librium in a world where the data are not 
frozen. All that ERE theorists are saying is 
that, if we freeze the disequilibrating forces, 
then the equilibrating forces will prevail. But 
on this basis we may likewise assert a ten- 
dency towards disequilibrium. By allowing 
the data to change just as it does in the real 
world, and “freezing” all individual learning, 
we can demonstrate that the economy would 
degenerate into a series of successively less- 
coordinated states of disequilibrium. How- 
ever, this would clearly be an illegitimate 
proof of a real world tendency towards dis- 
equilibrium, just as the Rothbard-Mises 
analysis does not succeed in establishing a 
real world tendency towards equilibrium. 

The second function of the ERE —a start- 
ing point for analyzing the determination of 
market price (or other phenomena)— is also 
open to question. While it is desirable to 
analyze price determination in a simpler set- 
ting before examining the real world, it is 
doubtful whether the ERE is the proper 
initial setting, because there are no prices in 
the ERE. Prices are institutions that have 
evolved over time in order to help coordinate 
the plans of market participants. In a world 
in which all plans are already coordinated 
and actors possess all relevant information, 
prices would not serve any function.® The 
only prices that would exist in the ERE are 
the ex post barter ratios resulting from real- 
ized transactions, such as “ten apples for one 
horse.” However, the notion of price as an ex 
ante disequilibrium institution which com- 
municates knowledge (see Friedrich Hayek, 
1945) has no place in the ERE. 

Rothbard and Mises simply assume that 
prices exist in the ERE and then explain 
their determination. Interestingly, the con- 
tradictions involved with this assumption are 


®See John Hicks (1967, p. 3) who argues that num- 
eraire prices are not even used for accounting purposes 
by GE (and presumably, ERE) market participants. 
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not denied; Rothbard and Mises emphasize 
the contradictory nature of the ERE, but 
still stress its usefulness. However, by forcing 
prices into a framework (the ERE) where 
they cannot logically exist, we must inevita- 
bly distract attention from the disequilibrium 
features of prices that characterize the real 
world. Even the static allocative function of 
prices is misrepresented by the ERE, since 
the allocative efficiency of the system is 
achieved by actors’ knowledge of the exter- 
nal data (the “real factors”) rather than. by 
their observations of prices. How can an 
imaginary construct illuminate an institution 
that performs absolutely no function within 
that construct? 

The ERE is also used as a starting point 
for analyzing the effects of an exogenous 
shock upon the economic system. Much of 
the analysis of the preceding section is appli- 
cable to our critique of this use of the ERE 
as well. The most important question for the 
economist studying the effects of an exoge- 
nous shock is how market institutions (prices, 
interest rates, firms, etc.) will deal with this 
change and how, in turn, this change will 
affect these institutions. However, a model 
with no institutions (or “make believe” in- 
stitutions that serve no real function) is un- 
suitable for this task. 

Depending upon the nature of the prob- 
lem, introducing a change into an equi- 
librium setting may either understate or 
overstate the coordination problems that a 
market economy faces. Since all other activi- 
ties are already coordinated, the disruptive 
nature of the change may be understated 
since the actors trying to deal with this change 
need not worry about transactions costs or 
plan conflicts among themselves. Further- 
more, since the bonds that link individual 
plans in a disequilibrium world (such as 
ex ante prices) do not exist in the ERE, then 
the disruptive effects of the change upon 
these bonds will be either ignored or misrep- 
resented. 

The other possibility has equally serious 
analytical consequences. In equilibrium, 
many of the institutions that help coordinate 
behavior in a world of uncertainty are ab- 
sent. Thus, we are giving the market econ- 
omy an unfair test. We are throwing a new 
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change into a system that, because it has 


„anticipated all of the old changes, has no 


means for coping with the new change. In 
addition,. many of the exogenous shocks 
introduced into the ERE also contradict the 
initial equilibrium conditions. For instance, 
using the ERE as a starting point for an 
analysis of monetary intervention (for exam- 
ple, Rothbard and Mises’ business cycle the- 
ary) involves the contradiction of superim- 
posing an increase in the money supply upon 
an essentially moneyless world. 

The fourth proposed use of the ERE, as a 
“foil,” seems to command the broadest sup- 
port among ERE theorists. However, using 
the ERE as a foil contradicts the first three 
suggested uses of the ERE. If it is possible to 
look at the ERE in order to see what a price 
is not, what an interest rate is not, then this 
should be the only possible use for the ERE. 
If, as Mises claims (p. 348), the ERE has no 
human action, then we cannot claim there is 
a tendency towards equilibrium, since this 
would imply the nonsensical conclusion that 
there is a. tendency for human action (and 
human institutions) to disappear. Nor could 
it be desirable to analyze price determination 
in the ERE as an “initial step” since our 
ERE foil tells us that there is neither price 
nor action in equilibrium. Finally,.if the ERE 
reflects everything that the real world is not, 
introducing a change into the ERE and let- 
ting it work its way through the system can- 
not be a promising endeavor. At best, all 
such a procedure could be used for is to tell 
us how the real world does not react to 
change. Yet, when proponents of the ERE 
use the construct to analyze change, it is no 
longer viewed as a foil; instead it is looked 
upon as the initial “state of rest” that change 
acts upon. This is a clear inconsistency—the 
ERE either can be an initial state for an 
economy that is about to experience change, 
or it can be a foil, but it cannot be both. The 
very arguments made by Mises for using the 
ERE as a foil explain why it is of little value 
for serving any other purposes: 


...[IJn the evenly rotating economy 
there is no choosing and the future is 
not uncertain as it does not differ from 
the present known state. Such a rigid 
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system is not peopled with living men 
making choices and liable to error; it is 
a world of soulless unthinking automa- 
tons; it is not a human society, it is an 
ant hill. [p. 248] 


However, the ERE is a poor foil because 
it is neither completely unrealistic nor inter- 
nally consistent.” If one desires to use equi- 
librium as a foil, Debreu’s model is superior 
to the ERE. The Debreu model is completely 
and consistently unrealistic: it has no money, 
no sequential transactions, perfect futures 
markets, and all of the other extreme as- 
sumptions necessary to accurately illustrate 
the other worldliness of the equilibrium con- 
cept. Nevertheless, regardless of one’s opin- 
ion of the usefulness of the Debreu foil, the 
ERE is neither a useful substitute for, nor 
complement to, the standard GE model. 


7The most important inconsistencies in the ERE are 
the existence of money and money prices and the ab- 
sence of perfect futures markets. The first inconsistency 
tends to generate “neutrality of money” results, while 
the second leads to an underestimation of the difficulty 
of reasonably tight interpersonal coordination. 
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Price Discrimination and Social Welfare 


By HAL R. VARIAN* 


The effect on social welfare of third-degree 
price discrimination was first investigated by 
Joan Robinson (1933). Richard Schmalensee 
(1981) has recently reexamined this question 
and presented several new results. In particu- 
lar, he noted that a necessary condition for 
price discrimination to- increase social wel- 
fare—defined as consumers’ plus producers’ 
surplus— is that output increase. 

Schmalensee established this result only in 
the case of independent demands and con- 
stant marginal costs. However, it turns out to 
be true in much more general circumstances. 
In this paper I show how simple methods 
from duality theory can be used to establish 
this result and several other new results on 
the welfare effect of price discrimination. 


` I, A Reservation Price Model 


Before proceeding to an examination of 
price discrimination in a general context, it is 
worth pausing to consider the special case of 
a reservation price model. I will describe the 
model in the context of discrimination by 
age—as in senior citizen discounts or youth 
discounts— but several other interpretations 
are possible. Assume that we have a set of 
consumers of different ages, and that one 
unit will be demanded by the consumers of 
age a if the price facing these consumers, 
p(a), is less than or equal to r(a), the res- 
ervation price of these consumers. Suppose 
that the slope of r(a) is of one sign, which 
without loss: of generality we take to be 
negative. For simplicity, it is assumed that 
costs are zero, or equivalently, that constant 
marginal costs are incorporated into the def- 
inition of r(a). 
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Suppose first that the monopolist must 
choose one price pọ that will apply to all 
consumers. Then. the maximization problem 
facing the monopolist is to chose ay to solve: 


maxr(day)do. . 


Now suppose that the monopolist is al- 
lowed to price discriminate; that is, he can 
choose. critical ages a,,a, and prices pi, Pz 
such that the consumers younger than a, 
face price p, and consumers between a, and 
a, face price p,..The problem facing the 
monopolist now is to solve: 


max r(a,)a, +r(a,)(az = a). 


In this model it is easy to see that con- 
sumers’ plus producers’ surplus is given by 
the area below the reservation price function, 
as depicted in Figure 1. Thus the total welfare 
rises when price discrimination is allowed if 
and only if total output goes up. And, as 
shown below, output must always rise in this 
sort of model. 


FACT 1: Jf r(a) is a decreasing function, 
then output and thus welfare must increase 
when price discrimination is allowed. 


PROOF: 

Assume not so that a)>a, and thus: 
—1r(a,)a, > —r(a,)a,. By profit maximiza- 
tion: r(4o)4&o È r(a,)a,. Adding these two 
inequalities together, and adding r(a,)a, to 
each side of the resulting inequality gives 


r(a,)a, at CAYCE ~ 4a) 


> r(a,)a,+r(a)(a,—a;), 
which contradicts profit maximization. 
This result easily generalizes to the choice 


of many regimes of price discrimination as 
well: allowing more price discrimination al- 
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FIGURE 1. SURPLUS IN RESERVATION PRICE MODEL 


ways increases output and welfare. As the 
number of prices increases to infinity, we 
converge to perfect price discrimination and 
thus maximal social welfare. 

In this model we have a very simple story 
about price discrimination: price discrimina- 
tion always increases output and an increase 
in output is always associated with an in- 
crease in welfare. But the reservation price 
model is a very special sort of demand struc- 
ture and it is worth investigating whether 
these results carry over to more general de- 
mand specifications. As Schmalensee shows, 
in general, output and welfare may increase 
or decrease when price discrimination is al- 
lowed, although an increase in output re- 
mains a necessary condition for welfare in- 
crease. This result provides an observable 
criterion for when welfare has gone down 
under price discrimination, but how can we 
recognize those circumstances in which wel- 
fare has increased? I provide some answers 
to this question and related questions below. 


II. Quasi-Linear Utility and Consumers’ Surplus 


I want to continue to use the classical 
measure of consumers’ plus producers’ sur- 
plus, and the most general preference struc- 
ture for which that is possible is that of 
quasi-linear utility, which is also known as 
the case of “constant marginal utility of in- 
come.” For this class of preferences it is well 
known that not only does consumer’s surplus 
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serve as a legitimate measure of individual 
welfare, but also that the individual con- 
sumers’ utility functions can be added up to 
form a social utility function, so that aggre- 
gate consumers’ surplus is also meaningful. 
For a discussion of consumers’ surplus and 
indirect utility, see my 1984 book (ch. 7). 
These observations imply that we can treat 
the aggregate demand function as though it 
were generated by a representative consumer 
with an indirect utility function of the form: 


V(p, ») = o(p)+ y. 


The aggregate consumer’s income, y, is 
composed of some exogenous income which 
we take to be zero and the profits of the firm. 
Thus the appropriate form of the social ob- 
jective function becomes: 


V(p, y) = v(p)+(p). 


By Roy’s law the demand for good i is 
given by the negative of the derivative of 
v(p) with respect io p,—since the marginal 
utility of income is one. Thus the integral of 
demand is just v(p). It follows that the above 
expression is nothing but the classical welfare 
measure of consumers’ plus producers’ sur- 
plus. 

As a general principle, it is easier to dif 
ferentiate to find demands than to integrate 
to find surplus; thus starting with the proper- 
ties of the indirect utility function rather 
than the demand functions tends to simplify 
most problems in applied welfare economics. 
The most important property for our pur- 
poses concerns the curvature of the indirect 
utility function. The indirect utility function 
is always a quasiconvex function of prices, 
but in the case of quasi-linear utility, it is not 
hard to show that it is in fact a convex 
function of prices. (Proof: the expenditure 
function is e(p, u}= u — v(p) and it is neces- 
sarily a concave function of prices.) 


HI. Upper and Lower Bounds on 
Welfare Change 


I turn now to the welfare effects of price 
discrimination for demand structures gener- 
ated by quasi-linear utility. I start by describ- 
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ing a' general result about such .demands 
. which can then be specialized in a number of 


ways. Consider an initial: set of prices p’ and ` 


‘a final set of-prices p', and let c(x(p°)) and 
c(x(p')) denote the total costs of production 
at the two different output levels associated 
with the price vectors p° and p'. Let, Ax 
oe the vector of changes in demand (i.e., 

= x(p')—x(p®)); and let- Ac denote. the 

Ra in the total costs of production. 


FACT 2: The change in welfare, AW, seen 
the following bounds: 


pdx > Ac > AW> px- Ae 


PROOF: 
Since the indirect utility function is a con- 
vex function of prices, we have: 


“v(p) = o(p") +Do(p')(p =p") 


` where Do(p) stands for the gradient of v(p). 
Using. Roy’s law, and rearranging: 


x(p')(p° — P= ofp!) ofp") = Av. 
The eai in profits i is given by “ 


x(p!)p!'—x(p®)p® — Ae = âr. 


Adding these expressions together we have 
[x(pt)—x(p°)]P°— Ac 
= p9Ax— Acs Av + Aa = AW. 


The other bound can be derived in.a similar 
manner. : 


Now think of the n goods as being one 
good sold in n different markets and pro- 
duced at constant marginal cost. I. want to 
compare a uniform pricing policy to a policy 
of price discrimination. Making the neces- 
sary substitutions in the bounds. given in 
Fact 2, we have the following: 


FACT 3: Let. pP =(po,--+5 Po). P = 
- (Pis--+s Pa) and let c be the constant level of 
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FIGURE 2. BOUNDS ON WELFARE CHANGE 
IN SINGLE MARKET 


marginal costs. Then the bounds on welfare 
change become 


(po-¢) È Ax,2 AW Y (p,-¢) Ax; 


i=1 i=] 


Note. that the upper bound in Fact 3 im- 
mediately gives Schmalensee’s result that an 
increase in output is a necessary condition 
for welfare to increase. The lower bound in 
Fact 3 was not discussed by Schmalensee. It 
implies that if the profitability of the new 
output exceeds -the profitability of the old 
output, valued at the new prices, then welfare 
must have risen at the discriminatory equi- 
librium. This is basically a revealed prefer- 
ence relationship. 

Both of these facts hold i in complete gener- 


ality, for independent and dependent de- 


mands, as long as one is willing to assume 
quasilinear utility; that is, that aggregate . 
consumers’ surplus serves as an acceptable 
welfare measure. -The bounds have a simple 
geometric interpretation in the case of a single 
demand curve which is given in Figure. 2. 
However, it is worth emphasizing that these 
results are purely statements about demand 
and utility functions. and hold for arbitrary 
configurations of prices. The fact that the 
prices are chosen by a profit-maximizing 
monopolist has not been used in their der- 
ivation. : ; 
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IV. Bounds on Welfare Change with 
Optimal Price Discrimination 


I now ask what results can be derived that 
use the conditions implied by profit-maxi- 
mizing price discrimination. Let us specialize 
the notation above to consider only three 
prices, the initial pricezp, that is charged in 
both markets, and the final prices p, and p, 
that are profit-maximizing prices in their re- 
spective markets. We also continue to sup- 
pose that the good is produced at constant 
marginal cost c. 

Fact 3 holds for all prices and all demand 
structures. If we consider only profit-maxi- 
mizing prices and restrict ourselves to the 
textbook case of independent demands, we 
can apply the standard: marginal revenue 
equals marginal cost formulas to find: 


FACT 4: If demand functions are indepen- 
dent, welfare is bounded by 


where €,&,€ are the (absolute values of 
the) respective elasticities of demand, eval- 
uated at Po, Pı, and pp. 


This result may be of use if one has esti- 
mates of the elasticities of demand in the 
various submarkets. However the indepen- 
dent demand case is- rather restrictive. Profit 
maximization alone yields the following 
sufficient condition for a welfare increase. 


FACT 5: A sufficient condition for welfare to 


increase under profit-maximizing price dis- 
crimination is that 


( Po — ¢)[x1( Po. Po) + *2( Po» Po) 


> ( pı —¢)X1( Pos Po) + (P2— €)X2( Po: Po)- 
PROOF: 
By profit maximization at ( p4, p2) we have 
(Pı Gi c)x( Pis P2)+ (Pa = c)xa( Pi, P2) 


> ( Po — c) x1( Po» Po)+ (Po = ¢)x2( Pos Po): 
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Combining this with the hypothesis and re- 
arranging, we have (p,—c)Ax,+(p.- 
c)Ax,>0. By Fact 3 this yields a welfare 
increase. 


The interesting thing about Fact 5 is that 
it only involves a condition on the nondis- 
criminatory levels of output. If you can fore- 
cast the prices that would be charged under 
discrimination and those prices satisfy the 
condition given in Fact 5, you can be assured 
that welfare will rise when discrimination is 
allowed. 

It might be worthwhile to give an example 
of how these bounds can be used to verify 
that a welfare increase or decrease has oc- 
curred. The simplest example is the case of 
linear demands described by Schmalensee. If 
both markets are served in the single price 
regime, then it is easy to show by direct 
calculation that total output with discrimina- 
tion is the same as in the single price regime. 
Hence, as noted by Schmalensee, welfare 
must decline when discrimination is allowed. 

However, suppose we are in a situation 
where market 2 is not served in the single 
price regime. Then when discrimination is 
allowed, p= po, Ax,=0, and Ax, > 0. By 
Fact 3 welfare must increase. Note also that 
in this situation the sufficient condition given 
in Fact 5 is satisfied as an equality.! 

Thus Fact 3 verifies that welfare will in- 
crease when price discrimination is allowed 
in the linear demand case if a new market is 
served. However, Fact 3 also shows that for 
arbitrary independent demands, welfare goes 
up if a new market is served when price 
discrimination is allowed. The argument is 
simply that of the above paragraph: Ax, =0 
and Ax, > 0, so welfare must increase. 

These examples give some intuition for the 
case where both markets are served in both 
the discriminatory and nondiscriminatory re- 
gimes as in Figure 4. What is needed for 
welfare to increase when price discrimination 


10Of course, total output rises as well. The reader 
might wonder what is wrong with the “direct calcula- 
tion” mentioned above. The problem is that what 
economists call “linear” demand curves are not really 
linear functions; instead they have the form: Q= 
max{ A — BP,0}. 
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FIGURE 3. INCREASE IN WELFARE (BOUNDARY CASE)’ 





FIGURE 4. INCREASE IN WELFARE (INTERIOR CASE) 


is allowed is that one of the markets has 
small demand over the price range where. the 
` other market has large demand. , 

-. Another test- case- for the bounds is. the 
reservation price model described in: Section 
I. Here. we should think of each consumer as 
being a different market.with demand func- 
tion x,(p). If there are ag: consumers 
purchasing the good in the single-price ` Te- 
-gime and a,>agş under price discrimina- 
tion, then we know that Ax, =0 for a $ ag 
and Ax, =1 for a, 24> do, ; which by Fact 
3 implies welfare. must increase when dis- 
crimination is s allowed. 
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The bounds.can-also be used to show that 
marginal cost pricing and’ perfect price dis- 
crimination are welfare optima in the re- 
servation price model. For if price. equals 
marginal cost, the upper bound on welfare 
change is zero. And if each consumer is 
being charged his reservation price, then Ax, 
is either 0 or —1 which implies the upper 
bound in nonpositive. 

The: welfare bounds given above take a, 
nice form if we are willing to make curvature 
assumptions ‘on the demand functions. Let 
us restrict ourselves to the case of indepen- 
dent démands and focus on the market for 
good 1. Then the argument of Fact 2.implies 
that: the welfare. effect of a price change of 
good 1.is bounded by (ipo — c) Ax, = AW, = 
(p;.— c) Ax,. Suppose that the demand for 
good 1 is a concave function of its own price. 
Then we have Ax, > x}( PX Pı ~ Po). Com- 
bining these two inequalities we have AW; > 
(py — €)x4( py) Ps = po]. The first-order con- 
ditions for profit maximization imply that 
(Py — ¢)x{( py) + x1(p,) = 9. Substituting we 
have AW, > x;(P1)( Po — P1). If both markets 
have concave demand curves we can write: 


AW > x1(P1)( Po- Pi)+ xa( P2)( Po Pr) 
= Polx1(P1)+X0( P2)] 
= [ Pi1( p1) +P2x3( P2)] . 


Add and subtract (py — o)ixi( Po) + x2( Po) 
—cfxi(pı)+ xa(P2)] to get AW > (py - 
c) Ax — Ar, where: Ax is the total change in 
output and Av ‘is the total-change in profits. 
Thus the change in welfare is at least as large 
as the: change in. profit valued at the old 
prices minus the change in actual profit: Or, 
to put it another way, Ax > Aw/(p,—c) isa 
sufficient condition for welfare to increase 
when price discrimination is allowed if all 
demand curves are independent and con- 
cave. Combining this with Fact 3 we can 
conclude: 


FACT 6: If all demand curves are indepen- 
dent. and concave, the welfare bounds can be 
written’ as 


(po c) Ax > AW ( py~c) Ax — Ar. 


-4 


VOL. 75 NO. 4 


Note that Facts 5 and 6 use profit maximi- 
zation at p, and p,, but do not use profit 
maximization at pọ Thus these results are 


_ independent of firm behavior at the nondis- 


criminatory equilibrium. 

If the demand curves are concave and 
convex (i.e., linear), then the inequality in 
Fact 6 becomes an equality so that AW= 
— Ar. Thus in the case of linear demands, 
the change in welfare is exactly the negative 
of the change in profits. Of course this can 
also be verified by direct calculation. 


V. More General Cost Structures 


The above results were all derived in the 
case of constant marginal cost but they can 
be partially extended to the case of increas- 
ing marginal costs; that is, the case of a 
convex cost function. By the standard con- 
vexity inequality: 


De(x(p!)) Ax > Ac> De(x(p")) Ax 


_ Combining this with the inequality given 


-in Fact 2 we have 


[p° -De(x(p°))] Ax > [p' -De(x(p')) | ax 


Again, these are general bounds which hold 
for all pairs of price vectors p° and p! as well 
as for arbitrary convex cost functions; in 
particular the cost function can be a function 


of the vector of outputs rather than just the 
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total output. Thus the bounds can be useful 
in more general contexts. For example, they 
give a simple proof of the optimality of 
marginal cost pricing in the presence of con- 
vex costs: if P = Dex(p°)) then any move- 
ment from p° must decrease social welfare. 

If costs depend only on total output, de- 
noted by x9 and x,, and p° is a vector of 
constant prices pọ as above, we can write 
these bounds as 


Thus in the case of increasing marginal costs, 
Schmalensee’s proposition still holds: price 
must be greater than marginal cost at the 
nondiscriminatory price, so an increase in 
output is still a necessary condition for 
welfare to increase. 
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Controlling Contradictions Among Regulations: Note 


By Curis T. HENDRICKSON AND FRANCIS CLAY MCMICHAEL* 


Single-minded pursuit of simple objectives 
can be effective within the narrow terms of 
the objective, but it may also create some 
unwanted effects. In his 1984 article, Lester 
Lave noted that Congress typically pursues 
externalities with a “one at a time” strategy. 
He suggested that both the legislature and 
regulatory agencies would be better served 
by considering the general cost effects of 
specific regulations. For example, regulations 
requiring air pollutant emissions controls on 
motor vehicles may decrease vehicle safety 
- (via induced changes in vehicle weights), or 


increase fuel consumption (with undesirable . 


external effects due to increased aggregate 
demand for petroleum), as well as increase 
costs to producers or car owners. Lave pro- 
posed that the benefits of reduced costs asso- 
ciated with correcting single externalities be 
weighted against the resulting additional 
costs in formulating regulations. 

We suggest an extension to Lave’s argu- 
ment and analysis. In essence, we note that 
physical or technical constraints often exist 
on the production and control of particular 
unwanted by-products. In effect, irreducible 
pollutants must be discharged to one or more 
of the air, water, or land media. Each dis- 
posal media involves costs of various sorts. 
Maximization of social welfare becomes a 
constrained problem, and regulatory policies 
should consider cross-media effects in such 
cases. 

Economic activities are similar in one es- 
sential way. They take in streams of materials 
and energy and produce desired products 
and/or useful energy. They also produce 
material effluents and waste energy. The con- 
servation laws of physics require that material 
and energy inputs and outputs balance 
(R. U. Ayres, 1977). Large-scale material 
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balance models are becoming increasingly 
important as we attempt to locate all of the 
places where polluting substances appear in 
industrial processes, and develop strategies 
for substitutions and for material tracking, 
management, and control (M. G. Morgan 
and McMichael, 1981). Environmental regu- 
latory agencies, both at federal and local 
levels, are typically concerned with specific 
media (for example, air, land or water) and 
legislation is often specific to a single media. 

An often cited goal is zero discharge of 
pollutants into one media. In practice, this 
goal typically results in the transfer of pollu- 
tants from one media to another. For exam- 
ple, the Commonwealth of Pennsylvania pro- 
hibited discharge of phenolic-bearing coke 
plant wastewater into rivers in 1929 after the 
development of a coke-quenching practice 
which volatized the pollutants to the air. This 
new practice switched the pollutant dis- 
charge from one media to another. Due to 
increased concern over air pollution, the use 
of wastewater for coke quenching was pro- ` 
hibited in Allegheny County, Pennsylvania, 
in 1970 unless the wastewater “was of a 
quality as may be discharged to the nearest 
receiving stream or river, in accordance with 
the Acts of the Commonwealth of Pennsyl- 
vania.” In effect, both water and air emis- 
sions were forbidden. The two conflicting 
environmental regulations were only resolved 
when entirely new treatment technologies 
were developed for coke plant wastewaters 
(R. W. Dunlap and McMichael, 1971; 1976). 
Typically, minimum environmental impact 
on any given media can be established by 
diverting emissions to other media. The over- 
all environmental impact is rarely consid- 
ered and, indeed, its consideration is fraught 
with difficulties. Consideration of net envir- 
onmental impact begins with the realiza- 
tion that single-media solutions are rarely 
optimal. 

Many cross-media effects might be cap- 
tured by a simple constraint which requires 
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that emissions to the air, water, or land must 
equal the sum of the pollutants from a pro- 
duction process. This linear constraint could 
represent a mass or energy balance for a 
single species such as heat, total dissolved 
solids, or chlorides in wastewater discharges. 
The constraint simply implies that, say, 
wastewater chlorides must go somewhere; 
they do not disappear. With a mass balance 
constraint of this sort, Lave’s model of 
welfare maximization would become-a prob- 
lem of constrained optimization. The first- 


order optimality conditions would then in-- 


clude an additional term representing the 
Lagrangean multiplier on the balance con- 
straint. This multiplier can be interpreted as 
a “shadow price” of production or the social 
cost of additional pollutant emissions. Also, 
the marginal social cost of emission control 
for each media would be set equal to this 
shadow price at the optimum, implying that 
some emissions to each media would occur 
with well-behaved cost functions. In con- 
trast, Lave’s unconstrained model does not 
‘include the shadow price term, and emissions 
into each media would be chosen so that the 
total marginal social cost was zero. 

This simple case of a mass balance con- 
straint on a.single species might be disag- 
gregated into different locations or by other 
characteristics (for example, water emissions 
by stream location). More complicated mass 
balance constraints can also be formulated 
for chemical reactions and other technical 
processes. For example, emissions contro] at 
a local site may require emissions elsewhere 
to generate the energy required for the con- 
trol process. 
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Both Lave’s and our analysis suggest that 
a broader consideration of social costs be 
adopted in formulating regulatory policies. 
We suggest that material and energy balance 
constraints make such cross-media consider- 
ations particularly important. To recognize 
that emissions controls to one media will 
result in greater emissions elsewhere is an 
important aspect of such cost-estimation and 
evaluation procedures. Particularly in the 
area of environmental regulation, these con- 
straints are common. 
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Fair Outcome /Fair Process 


By ROBERT PrRON* 


In a recent article, Randall Holcombe 
(1983) takes William Baumol (1982) to task 
for defining “fairness” as outcome indepen- 
dent of process, claiming, “Fair outcomes 
are the result of fair processes, and no theory 
can proclaim an outcome to be fair without 
examining the process that produced the out- 
come” (p. 1153). To illustrate his point he 
provides what he believes to be an obviously 
“fair” process: “Most people would agree 
that if one person builds two chairs in a 
day when: an equally able person spends the 
day watching television, it would be fair for 
the first person to keep the two chairs...” 
(p. 1153). 

This position is remarkably similar to that 
taken by Robert Nozick: 


A distribution is just if it arises from 
another (just) distribution by legitimate 
means. ...As correct rules of inference 
are truth preserving and any conclu- 
sion deduced via repeated application 
of such rules from only true premises is 
itself true, so the means of transition 
from one situation to another specified 
by the principle of justice in transfer 
are justice preserving, and any situa- 
tion actually arising from repeated 
transitions in accordance with the 
principle from a just situation is itself 
just. [1973, p. 48] 


The main point of this comment is to show 
that Holcombe has steered economists (inad- 
vertently?) into a methodological morass they 
have tried hard and long to avoid for half a 
century, and to begin to frame the issue, 
consider Richard Bellman’s Principle of Op- 
timality: “An optimal policy has the prop- 
erty that whatever the initial state and initial 
decision, the remaining decisions must con- 
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stitute an optimal policy with regard to the 
state resulting from the first decision” (1957, 
p. 83). So, if Holcombe were dealing with 
“optimal” decisions in the Bellman context 
(dynamic Markov algorithms), he could cor- 
rectly infer that “optimal outcomes are the . 
result of optimal processes.” Why, then, are 
we uneasy with “fair outcomes are the result 
of fair processes?” The answer seems obvi- 
ous: optimal is, in this context, a mathemati- 
cal (i.e., logical) construct, while fair is a 
value construct. The latter sets the moral 
juices flowing while the former does not. 
Since fair has been one of the slipperiest 
terms in ethics since the dawn of Mor- 
al Philosophy, economists should minimize 
hubris and let philosophers (and public choice 
theorists) battle things out on the ap- 
propriate turf and mind their own method- 
ological business. 

Here is a minitour of the economics litera- 
ture on this subject: 


Now in so far as the idea of rational 
action involves the idea of ethically ap- 
propriate action, and it certainly is 
sometimes used in this sense in every- 
day discussion, it may be said at 
once...that no such assumption enters 
into economic analysis.... Economic 
analysis is wertfrei in the Weber sense. 
The values of which it takes account 
are valuations of individuals. The ques- 
tion whether in any further sense they 
are valuable valuations is not one which 
enters into its scope. If the word ration- 
ality is to be construed as in any way 
implying this meaning, then it may be 
said that the concept for which it stands 
does not enter into economic analysis. 

[Lionel Robbins, 1952, p. 91] 


Positive economics is in principle inde- 
pendent of any particular ethical posi- 
tion or normative judgments.... Its 
performance is to be judged by the 
precision, scope, and conformity with 
experience of the predictions it yields. 
In short, positive economics is, or can 
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be, an “objective” science, in precisely 
the same sense as any of the physical 
sciences... . If this judgment is valid, it 
means that a consensus on “correct” 
economic policy depends much less on 
the progress of normative economics 
proper than on the progress of a posi- 
tive economics yielding conclusions 
that are, and deserve to be, widely ac- 
cepted. It means also that a: major 
reason for distinguishing positive eco- 
nomics sharply from normative eco- 
nomics is precisely the contribution that 
. can thereby be made to agreement 
about policy. 
(Milton Friedman, 1953, pp. 4-7] 


In ‘the past few years, several econ- 
omists...have produced a ‘novel 
analytical theory of fairness in the dis- 
tribution of resources, in contradistinc- 
‘ tion to the efficiency of their allocation. 
This work is primarily philosophical 
{emphasis added] in orientation, being 
concerned primarily with the logical 
underpinnings of an analysis of fair 
division, rather than with its applica- 
tion. {Baumol, p. 639] 


It was to be expected, I suppose, that 
Simon Blackburn’s elegant review 
.should end in a plea for contin- 
ued employment of Philosophers. But 
we have a useful piece of jargon in 
economics that argues against it, 
“negative externalities”—like smoke 
from the local mill. The activities of 
Philosophers are no trouble at home 
perhaps, but spill over into neighboring 
places. The claim of Philosophy to be a 
meta-science is a public nuisance.. 
The neighbors have suffered quite 
enough from the impulse to Philoso- 
phize about good reasons in politics, 
economics, or law. 
[Donald McCloskey, 1983, p. 882] 


Now, ignoring, seemingly, both this liter- 
ature and the teflon characteristics of fair, 
Holcombe confidently criticizes Baumol by 
arguing that the economics definition of fair 
must include the fairness of the process un- 
derlying any analysis of the problem, plung- 
ing us directly into a type of intellectual 
exercise that, like the cosmos in some views, 
has neither beginning nor end. To illustrate: 
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what Holcombe holds as rather obvious, 
namely that people are entitled to the fruits 
of their labor, and any process that allows 
that is fair, is, in fact, remarkably unobvious 
and really terribly controversial. For exam- 
ple, in a review of Rawls, Kenneth Arrow 
has said, 


The general point of view [of A Theory 
of Justice} is a strong affirmed egal- 
itarianism, to be departed from only 
when it is in the interest of all to do so. 
“All social values—liberty and oppor- 
tunity, income and wealth, and the 
bases of self-respect—are to be distrib- 
uted equally unless unequal distribu- 
tion of any, or all, of these values is to 
everyone’s advantage.” This gener- 
alized difference principle, as Rawls 
terms it, is no tautology. In particular it 
implies that even natural advantages, 
superiorities of intelligence or strength, 
do not in themselves create any claim 
to greater rewards. The principles of 
justice are an agreement to regard the 
distribution of natural talents as a 
common asset and to share in the ben- 
efits of this distribution. 


Personally, I share fully this value judg- 
ment; and, indeed, it is implied by 

almost all attempts at full formaliza- 
tion of welfare economics. But a con- 
tradictory proposition: that an individ- 
ual is entitled to what he creates, is 
widely and unreflectively held; when 
teaching elementary economics, I have 
had considerable difficulty in persuad- 
ing the students that this productivity 
principle was not completely self-evi- 
dent. [1973, p. 247] 


So Holcombe does the methodology of 
social science no service with his critique of 
Baumol, since his views on fair processes do 
not, and very likely in principle cannot, com- 
mand the wide acceptance required by posi- 
tive economics, being by their nature funda- 
mentally normative and therefore infinitely 
arguable. Baumol, in his writing on fairness 
has tried valiantly to derive empirically 
meaningful propositions from his relatively 
straightforward and ethically neutral analysis 
of fairness, even though it can (and should) 
be argued that, as Geoffrey Philpotts (1983) 
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has shown, even Baumol’s definition of fair- 
ness as “non-envy-producing division” is also 
ethically loaded, and who is to say it is- not 
“as loaded” as Holcombe’s? However, the 
point of this note is to show that it is meth- 
odologically futile in arguments concerning 
an economic model to supplant one ethical 
presupposition. with another. Rather, one 
should demand, in this case, Holcombe of 
Baumol, that his (Baumol’s) model pass pre- 
dictive-positive tests, not ethical-normative 
ones. 


REFERENCES 


Arrow, Kenneth J., “Rawls’ A Theory of Jus- 
tice,” Journal of Philosophy, May 10, 1973, 
70, 245-63. 

Baumol, William J., “Applied Fairness Theory 

:and Rationing Policy,” American Eco- 
nomic Review, September 1982, 72, 639-51. 


SEPTEMBER 1985 


‘Bellman, Richard E, Dynamic Programming, 


Princeton: ‘Princeton University” Press, 
1957.. i 


i Friedman, Milton, Essays in Positive Econom- 


ies, Chicago: University of Chicago’ Press, 
1953. 

Holcombe, Randall G., “Applied Fairness The- 
ory: Comment,” “American Economic Re- 
view, December 1983, 73, 1153~56. 

McCloskey, Donald N., “ Consequences of 
Pragmatism,” Times‘ Literary Supplement, 
August 19, 1983, p. 882. 

Nozick, Robert, “Distributive Justice,” Phil- 
osophy and Public Affairs, Fall 1973, 3, 
45-126. 

Philpotts, Geoffrey, “Applied Fairness Theory: 
Comment,” American Economic Review, 
December 1983, 73, 1157-60. 

Robbins, Lionel, An Essay on the Nature and 
Significance of Economic Science, 2d ed., 
London: Macmillan, 1952. 


Another Look at Free Banking in the United States 


By JAMEs A. KAHN* 


In their 1983 paper, Arthur Rolnick and 
Warren Weber document the experience of 
several states’ experiments with free banking 
in the decades leading up to the Civil War, 
using data on bank openings and closings, 
and on redemption rates of failed banks (the 
rate, per dollar par value, that failed banks 
were able to pay their note holders). In this 
note I extend the Rolnick-Weber analysis by 
comparing the experiences of free and non- 
free-banking states with regard to the 
frequency of bank closings and failures, to 
give some perspective to their conclusion that 
free banks were not as short-lived as has 
been the conventional view. In so doing I 
offer an alternative set of statistics to those 
provided by Rolnick-Weber on bank life ex- 
pectancies and average redemption rates of 


failed banks, statistics that I argue take bet- - 


ter account of the truncation problems inher- 
ent in the data. I find that bank closings were 
much more frequent in free bank states. This 
was especially so in the first five years after 
deregulation, but remained true to some ex- 
tent throughout the period. 


I. Bank Failure Rates 


One problem often attributed to the Free 


Banking Era, and to unregulated banking ' 


more generally, is a high rate of bank failures. 
As correctly pointed out by Rolnick-Weber, 
what is relevant from a public policy stand- 
point is not so much failure in the sense of 
going out of business, but rather more in 
terms of the inability to redeem notes at their 
par value. That is, the public policy concern 
is primarily the provision of a secure cur- 
rency, not the safety of stockholders’ invest- 
ments. Nonetheless, because data on re- 
demption rates of closed banks are difficult 


* Graduate student, Massachusetts Institute of Tech- 
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to find for many states, and because the 
closure rate should give some indication of 
the quality and stability of a state’s banking 
system, I present here state-by-state compari- 
sons of bank “life expectancies.” The data 
come from the same sources as those used by 
Rolnick-Weber ( House Executive Documents, 
1837-63). 

One difficulty in the estimation of life ex- 
pectancies over a finite sample period is that 
many of the banks will still be in operation 
at the end of the period. Rolnick and Weber 
assign to such banks their age at the end of 
the sample period and then calculate the 
sample means. They recognize the obvious 
bias in such a procedure, and present their 
estimates as lower bounds. Their goal was to 
show that most banks were in business for 
more than just a few months or a year. 
Unfortunately, one cannot use such calcula- 
tions to make meaningful state-to-state com- 
parisons, because both the length of the sam- 
ple period and the proportion of failed banks 
to the total number of banks varied tre- 
mendously across states. 

I show below that under the assumption 
that the underlying stochastic process can be 
represented by a constant hazard rate for 
bank failures, and that the observations are 
independent, correction of the truncation bias 
is a simple matter. By assumption one can 
ignore the truncation at the start of the 
period, and pretend that all banks in op- 
eration at that time opened within the previ- 
ous year. It then turns out that a consistent 
estimate of the life expectancy is just the 
total number of bank-years in the sample, 
divided by the number of failed banks, or, to 
put it another way, the probability of failure 
in a year is estimated by the total number of 
failures divided by the total number of 
bank-years. Besides simplicity, this proce- - 
dure has other desirable features as well. One 
can get reasonable estimates even for rela- 
tively short sample periods (as will be seen 
below), and one can get consistent estimates 
of standard errors as well. 
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Again, the point of this correction is not 
so much to get better statistics for the free 
bank states (after all, if most of a state’s 
banks did fail, my statistics will not differ 
very much from Rolnick-Weber’s). Rather it 
is to get statistics that are comparable across 
states, even when the lengths of the sample 
periods vary widely. Of course, this is not 
without its problems too. The phenomenon 
of bank panics raises some doubts about the 
independence of observations, and one might 
expect the hazard rate to decline over time. I 
take account, to some extent, of the latter 
possibility in one of the sets of calculations 
below, but mainly it is hoped that this simple 
correction at least enables one to make state- 
by-state comparisons; that is, that the biases 
are not too different from one state to the 
next. This could not be the case with 
Rolnick-Weber’s statistics for the reasons 
stated above. 

Suppose that a bank currently in oper- 
ation has every year a probability p of going 
out of business, and let X, denote the total 
number of years that bank i operated. Then 
one may show that 


(1) Pr(X,=n)=p(1-p)"™, 
(2) Pr(X;>n)=(1—p)", 


(3) E(X;)=1/p. 


Letting k denote the life expectancy of the 
bank, it is clear from (3) that an equivalent 
model may be expressed in terms of k, with 
p=l/k. 

Now suppose we observe a sample of N 
banks over time, but that we do not neces- 
sarily observe X;. Instead we observe Y, 
where Y, = X, if X; <T, and =T, otherwise, 
where T; is the number of years between the 
opening of bank i and the last year of the 
sample. For concreteness, suppose the first 
M banks in the sample are observed to go 
out of business, while all the others are still 
operating at the end of the sample period. 

From equations (1) and (2), and assuming 
that the observations are independent, the 
likelihood function for the N observations of 
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Y, is then 


M log( p)+log(1- p) 


M N 
d Y(%-Y)+ È n). 

i=l je M41 
This is maximized at p* = {M'E} Y}, 
so that k* = M'EN Y, Also, it turns out 
that a consistent estimate of the variance of 
the estimator k* is M~*k*(k* —1). 

Table 1 gives results for the three states 
used by Rolnick-Weber (New York, Wis- 
consin, and Indiana), along with results for 
Minnesota (a free bank state not included in 
their mean life calculations because the sam- 
ple period was too short), and for three other 
states: Maine and Maryland, which had no 
free banking laws, and New Jersey, which 
passed a free banking law midway through 
the sample period.! The results show strik- 
ingly that the banks in free bank states had 


“much shorter life expectancies (i.e., much 


higher failure rates). The table also provides 
estimates of the standard errors, which indi- 
cate that the means are estimated fairly pre- 
cisely. 

One might argue that the foregoing analy- 
sis overlooks the fact that any major change 
in the regulation of an industry is bound to 
cause some upheaval, at least initially, so 
that it is misleading to characterize the higher 
failure rates as a permanent effect of the free 
bank laws. (The airline industry today is a 
case in point.) For this reason, Table 2 pro- 
vides estimates for the free bank states be- 
ginning roughly five years after the initiation 
of the policy (excluding Minnesota, which 
had free banking for only five years in all, 
and New York, for which the estimates in 


1} attempted to choose non-free-bank states that 
were as unexceptional and as broadly represertative as 
possible. Many of the lightly populated western states 
had only one state bank for much of the period, and so 
would not have provided much information. On the 
other hand, states such as Massachusetts, with large, 
well-established banking systems, would probably have 
been unrepresentative of state-chartered banking sys- 
tems in general (just as, I will claim later, New York was 
not a typical free bank state). 


e- 
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TABLE 1— BANK LIFE EXPECTANCIES 


ME MD 
A. Non-Free-Bank States 
Period 1837-63 1837-63 
Banks at 
Start 55 21 
Openings 59 22 
Closings 46 11 
Mean Life 31.2 61.1 
(4.5) (18.3) 
NJ NY 
B. Free Bank States 
Period 1852-63 1843-62 
Banks at 
Start - 49 
Openings 51 400 
Closings 25 160 
Missing 11 48 
Mean Life 9.4 22.1 
(1.8) (1.7) 


NJ Total 
1837-51 
25 101 
9 90 
10 66 
38.7 37.8 
(12.1) (4.6) 
WI IN MN Total 
1853-62 1854-63 1859-63 
8 30 2 89 
132 3 14 670 
80 86 11 362 
4 30 1 94 
73 3.2 3.1 12.9 
(0.8) (0.3) (0.8) (0.7) 


Note: Standard errors are shown in parentheses. 


TABLE 2— BANK LIFE EXPECTANCIES 


AFTER INITIAL YEARS 
ME MD 
A. Non-Free-Bank States 
Period 1854-63 1854-63 
Banks at 
Start 60 24 
Openings 28 13 
Closings 19 5 
Mean Life 37.1 60.4 
(8.4) (26.8) 
NJ WI IN 
B. Free Bank States 
Period 1856-63 1857-62 1858-63 
Banks at 
Start 35 45 19 
Openings 21 85 2 
Closings 8 70 5 
Mean Life 24.7 7.4 20.7 
(8.5) (0.8) (9.0) 


Note: Standard errors are shown in parentheses. 


Table 1 suffice). It also presents mean life 
estimates for Maine and Maryland based on 
comparable sample periods, to take account 
of the possibility that there was something 
different about the 1850’s that might have 


led to higher failure rates. The results indi- 
cate that while there was overall some im- 
provement in the free bank states after the 
initial five years, bank failure rates remained 
considerably higher than in the non-free-bank 
states.? In the latter, failure rates were re- 
markably stable throughout the era. 


II. The Costs of Holding Bank Notes 


As stated above, the goal of the states’ 
bank regulatory policies was presumably a 
sound currency, and the consequent public 
confidence in the banking system, rather than 
the safety of bank shareholder’s investments. 
A high rate of bank failures is a symptom of 
difficulties, but may not itself have been con- 
sidered a serious cost from a public policy 
viewpoint. 

Unfortunately, data on redemption rates 
of failed banks are not as easy to come by. 
The four free bank states documented by 


? The improvements may have been due to the weed- 
ing out of incompetents, to improved enforcement pro- 
cedures by the states, or to modifications of the free 
banking laws—it is not clear from the documents. 
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Rolnick-Weber appear to be the only ones 
that included redemption rates on notes of 
failed banks in a systematic way in their 
reports to the Treasury Department. There- 
fore in this section no explicit comparison 
between the free and non-free-bank states 
will be attempted. One should bear in mind, 
however, that even if redemption rates in 
non-free-bank states were no higher than 
those in free bank states (and what evidence 
is contained in the auditors’ reports suggests 
that they were lower in free bank states), the 
low failure rates in non-free-bank states im- 
ply that the losses to note holders were prob- 
ably negligible. 

Rolnick and Weber calculate a time-series 
for each of the four states that they call “the 
expected value of a randomly selected bank 
note held until 1863 as of the date of the 
condition report” (p. 1084). Actually, what 
they show are the ex post average 1863 val- 
ues of the notes of banks that are operating 
in the given year. There are several problems 
with this as a measure of the riskiness of note 
holding. First, as with any ex post measure, 
it is based solely on information not avail- 
able at the time that agents are making their 
decisions, and hence may bear little relation 
to the actual determinants of the notes’ 
market values. Second, their calculations 
place very little structure on the data. Since 
it is a fairly general property of forecasts that 
they are less volatile than the time-series that 
they are attempting to predict, it seems likely 
that Rolnick and Weber’s estimates are overly 
sensitive to the realizations on which they are 
based. 

A more serious problem with their calcula- 
tions is, once again, Rolnick and Weber’s 
failure to take account of the truncation of 
their sample, one which leads them to make 
unjustified conclusions about the improve- 
ment in the performance of free banks over 
time. The basic problem is that the probabil- 
ity of a bank’s failure by 1863 will decrease 
over time, even with a constant hazard rate 
model as in the previous section. Thus 
Rolnick and Weber’s measure will inevitably 
improve over time (and be biased upward to 
begin with). Yet they conclude from their 
calculations that, for example, “the safety of 
Minnesota free bank notes improved sub- 
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TABLE 3—-AVERAGE REDEMPTION RATES { R) 
AND HOLDING Losses (L) 


NY WI IN MN 
R 0.95 0.87 0.95 0.48 


L 0.002 0.02 0.02 0.12 


Note: Calculations are described in the text. 


stantially after [July 1859}...” (p. 1087). Such 
a conclusion would validly follow from their 
zesults only if one were to assume that every- 
one knew for certain all along that after 1863 
all bank notes would be safe forever. 

This section reports results from an alter- 
native set of calculations. I calculate, for 
each of the four states, the average redemp- 
tion rate (denoted R) of failed banks. The 
expected redemption rate for one year in the 
future is then just 1~ p(1— R), where p is 
the failure probability. Put another way, the 
expected one-year holding loss (denoted L) 
ts p(1— R). Table 3 shows the results from 
this calculation, where p is the inverse of the 
life expectancy estimate from Table 1, and R 
is the average redemption rate for the state 
calculated from the Rolnick-Weber data. 

Note that this procedure does not actually 
solve the problem of using information un- 
available to agents. The statistics are based 
on the sample as a whole, and therefore 
make use of (relative to a particular year in 
the sample) both available and unavailable 
information. Ideally one would want to make 
“rolling” forecasts using just the information 
available in each year, but the data do not 
extend back in time far enough to do so. 
Thus I instead make an assumption about 
the stability of the process over the sample 
period. The procedure does get around the 
truncation problem, since the failure prob- 
zbilities are consistent estimates (based on 
the procedures of the previous section), and 
the estimates of the average redemption rate, 
being conditioned on failure, are unaffected 
ty the truncation of the sample. Although 
the results from Section I suggest that the 
cuality of notes may not have been constant 
cver time, one can interpret the results in 
Table 3 as measures of average quality over 
the period. While these calculations are less 
ambitious, and the results less “informative,” 
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they are not guilty of straining the limits of 
the data. What emerges is that the losses 
were not overwhelming (with the exception 
of Minnesota), but they were, except for the 
case of New York, nonetheless certainly non- 
negligible. 


HI. Conclusions 


The preceding sections suggest that free 
banking legislation often resulted in very high 
failure rates in those states relative to failure 
rates in non-free-bank states. This was par- 
ticularly so in the initial years following the 
enactment of the legislation, but remained 
true to some extent throughout the period. 
The high failure rates, combined with the 
frequent inability of failed banks to pay note 
holders the par value of their notes (as docu- 
mented by Rolnick-Weber) meant that the 
holding of free bank notes was a moderately 
costly (and risky) activity. Thus I would cau- 
tion against Rolnick and Weber’s rather 
sanguine view of the free banking experi- 


. ment. 


On the other hand, it was certainly possi- 
ble for free banking to be successful. New 
York’s bank failure rate was not much higher 
than those of non-free-bank states, it experi- 
enced a large increase in the number of 
banks in the state, and the riskiness of its 
bank notes was negligible. Nonetheless, the 
experiences of other states indicate that such 
success may have been the exception rather 
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than the rule. Wisconsin fostered growth in 
its banking industry, but had continuing 
difficulties with failures and losses to note 
holders. Indiana improved with regard to 
failures and losses, but ended up with many 
fewer banks than it had in the first year of 
the policy. Minnesota’s problems with note- 
holder losses were especially severe. New 
Jersey probably had the best experience of 
the states examined in this paper other than 
New York, with most of its problems in the 
first few years. More importantly, the results 
presented herein show clearly that the rapid 
growth of a state’s banking infrastructure did 
not require free banking laws. Maine, and 
Maryland to a lesser extent, experienced sig- 
nificant growth in the number of chartered 
banks, with less of the chaos that accompa- 
nied such growth in free banking states. The 
difficulty here is that such growth was sub- 
ject to the whims of state legislators, who 
need not have been responsive to economic 
factors. . 
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New Evidence on Free Banking in the United States 


By Huc Rockorr* 


In their 1983 paper, Arthur Rolnick and 
Warren Weber report a number of impor- 
tant calculations concerning antebellum free 
banking in New York, Indiana, Wisconsin, 
and Minnesota. Their results clarify the di- 
mensions of the free banking experiments 
and add further evidence that some portraits 
of the losses under antebellum free banking 
are exaggerated. But, while it is important to 
show that the actual losses were smaller than 
many have imagined, the losses and failure 
rates reported by Rolnick and Weber will 
not by themselves prove entirely persuasive. 
Skeptics will point to a high overall failure 
rate of 15 percent, and to failure rates of 25 
to more than 50 percent in the western states, 
as evidence that free banking was unsuccess- 
ful. Part of the problem, I believe, is that 
Rolnick and Weber present these experi- 
ments as repeated trials of the same legisla- 
tion. Here I show that if one looks carefully 
at the legal and historical circumstances in 
which each experiment took place, a case can 
be made that will satisfy even the skeptics 
who remain unconvinced by the losses and 
failure rates presented by Rolnick and Weber. 
_ I illustrate this by referring first to the 

experience in an additional state, Michigan. 
Rolnick and Weber mention Michigan in a 
footnote (p. 1089), but their neglect of the 
particular circumstances attending these ex- 
periments leads them to an excessively opti- 
mistic view of what happened there. I believe 
the experience in Michigan is important be- 
cause it influenced many of the traditional 
accounts. For example, the famous story 
about kegs of nails with coins on top being 
moved from bank to bank one step ahead of 
the bank examiners, that almost came to 
summarize antebellum free banking (which is 
included in the quote from Bray Hammond 
cited by Rolnick-Weber, p. 1083) is un- 
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doubtedly a reference to Michigan. (See 
Hammond, 1957, p. 601.) 

Rolnick and Weber cite a Michigan bank 
commissioners’ report (dated January 1839) 
to the effect that most of the free banks had 
sufficient assets to pay off at par, and go on 
to suggest that traditional pictures of the 
losses in Michigan are overdrawn. Previous 
generations of banking historians have been 
familiar with the commissioners’ report but 
have interpreted it differently. Later material 
is hard to come by. One reason is that shortly 
after the commissioners’ report was issued, 
Michigan abolished the bank commissioners’ 
department, and transferred its duties to the 
attorney general, a fact that in itself tells us 
something about what was happening. 

There is, however, an old paper by Alpheus 
Felch (1880) that gives a very different view 
from that suggested by Rolnick and Weber. 
Felch was writing long after the event, but 
there is good reason to respect his views. He 
was in the state legislature when the free 
banking law was passed, and was one of four 
to vote against it. He was, more importantly, 
one of the bank commissioners who authored 
the report cited by Rolnick and Weber. He 
was also a member of the Supreme Court of 
Michigan in 1844 when the free banking law 
was declared to be in conflict with the state 
constitution. According to Felch, the total 
amount of currency left outstanding by the 
free banks was not “ascertainable; but it 
could not in all probability be less than one 
million of dollars; and this fell as a dead loss 
on the community” (p. 123).! 

The document that Felch seems to rely on 
the most is the Attorney General’s Report 
dated December 1839 (Michigan, 1840). This 


'In my earlier study (1975, p. 17), I attempted to 
create a safe upper bound estimate of the total circula- 
tion of the free banks, but the result was probably too 
great an upper bound to be helpful. In my other work, I 
used Felch’s figure (1974, p. 150). 
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document gives us a picture of Michigan’s 
banking system eleven months after the bank 
commissioners’ report. The Report lists 42 
banks against which proceedings had begun 
for disolution of their charters (31 of them 
free banks), and bits of information on many 
of them provided by their receivers. The 
attorney general had some information on 34 
of these banks on the basis of which he 
estimated their outstanding liabilities (mostly 
notes) at $1,663,033. In only 14 cases, how- 
ever, was the receiver willing to guess the 
proportion of assets that were “good.” For 
these 14 cases, good assets per dollar of 
liabilities was 23.6 cents; for the 12 free 
banks in this group it was 39.2 cents. But 
both figures may have been overly optimistic 
in the light of the on-going depression, and 
the eventual court decision that made further 
legal recourse impossible. If we blow up the 
attorney general’s estimate for 34 banks to 
represent his total list of 42, and use the 
figure of 23.6 cents to represent what was 
eventually paid, then we are looking at losses 
on the order of $1.6 million. For the free 
banks alone, this reasoning would yield a 
lower figure, If we multiply the average lia- 
bilities for the free banks in the attorney 
general’s list by 40, the number of free banks 
Felch thought got into operation, and as- 
sume they paid 39.2 cents on the dollar, we 
get total losses of almost precisely one mil- 
lion dollars, a number similar to Felch. These 
figures are still only approximate. But it. is 
clear that they strongly support Felch, sug- 
gesting that until further evidence comes to 
light, Felch’s venerable conclusion must stand 
as the most likely presumption about the fate 
of the Michigan free bank notes. 

The failure of the banks to redeem at par, 
however, does not necessarily imply that the 
transfers from the public to the bankers ap- 
proached this magnitude. Many of the notes 
may have entered circulation at a heavy dis- 
count—in Cincinnati, the notes of Michigan 
county banks were at a 50 percent discount 
by August 1838 and, by April 1839, Michi- 
gan notes could not be sold at all (Thomas 
Berry, 1943, p. 459). Later, some of the 
notes were bought by speculators at heavy 
discounts, who then brought suits against the 
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bankers for the face value of the notes, so it 
is possible that in some cases there were net 
transfers from the bankers to the public. 
Felch’s use of the term “dead loss” may be 
simply an assertion that the notes were not 
redeemed, rather than a reference to a net 
wealth transfer or loss in output, which is the 
construction one might be tempted to place 
on the phrase. In fact, it seems a reasonable 
conjecture that the willingness of the Michi- 
gan Supreme Court to declare the law un- 
constitutional, a decision that brought the 
process of suit and countersuit to a halt, was 
influenced by a realization that there would 
be little gain in fairness by further attempts 
to make the banks or their borrowers pay up. 
The Michigan experience, moreover, was 
unique in several ways. The free banks were 
opened during a period of legal suspension 
of specie payments so that specie was neces- 
sary only because the legislation required a 
certain amount to be on hand. This was the 
circumstance that allowed the promoters to 
shift specie from bank to bank to keep one 
step ahead of the commissioners. In ad- 
dition, the law permitted the banks to back 
up their notes with mortgages on the still 
largely undeveloped land of Michigan, an 
asset difficult to appraise, and of doubtful 
liquidity. Finally, it must not be forgotten 
that Michigan in 1840 was a frontier state, 
with a population slightly over 200,000; it 
had been admitted to the Union only a few 
years before the free banking experiment. 
The level of financial sophistication both in 
the general public and in the business com- 
munity must have been fairly low. Later, in 
1857, Michigan passed a second free banking 
law, and although the Civil War prevented a 
real test, there does not appear to have been 
any repetition of the boom-and-bust .cycle. 
But circumstances had changed. For one 
thing, the second free banking law required 
the notes to be backed by government bonds 
—federal or certain selected states, includ- 
ing, of course; Michigan—and the law was 
written to force banks in most circumstances 
to back up each dollar in notes issued with 
more than a dollar’s worth of securities. 
The point is that to understand antebel- 
lum free banking it is necessary to examine 
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how the general idea was put into practice in 
each case. The central problem was how to 
insure confidence in the banking system while 
preserving the benefits of free entry and 
competition, the classic dilemma under any 
fractional reserve: system. The mechanisms 
available for this purpose in the antebellum 
period were limited by institutional con- 
straints such as the gold standard and by the 
vision of the legislators. The approach gener- 
ally taken to reduce the risk of a panic, or 
restore confidence after one, was to tighten 
the secondary reserve requirement for notes. 
This, as we have seen, is what happened in 
Michigan. It also happened in Indiana, where 
the secondary reserve requirement was tight- 
ened in 1855 by requiring (to simplify a 
somewhat complex law) 110 percent in sec- 
ondary reserves, when only 100 percent was 
required under the initial law, and by taking 
into account the lower yield on Indiana 
securities, (see my 1975 study, Table 12, p. 
84). In New York the law was amended to 
exclude any bonds except those of New York. 
This greatly increased the security of the 
note issue since New York state bonds en- 
joyed a strong market independent of the 
banks, although the eligibility of mortgages 
remained a problem for a time. 

Today, of course, we have alternative sys- 
tems for preventing a loss of confidence— 
deposit insurance, and ultimately a central 
bank that can produce unlimited quantities 
of high-powered money and that stands ready 
to serve as a lender-of-last-resort. So the 
mechanism chosen by legislators in the ante- 
bellum period with its potential for distort- 
ing the investment policies of the banks is no 
longer necessary. The idea of a 100 percent 
reserve, however, which was the basic point, 
is not without merit. Although not now 
widely discussed, it was taken seriously as a 
method of stabilizing the banking system in 
the aftermath of the Great Depression, and 
was an important part of the Simons-Fried- 
man tradition at Chicago. Indeed, Friedman 
(1959, pp. 75-76) could argue in the 1950’s 
that the heavy investment in federal securi- 
ties by the banking system had brought the 
system effectively halfway to a 100 percent 
reserve system. So antebellum free banking, 
although not always carried out successfully 
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in detail, represented a sophisticated attempt 
to soive the problem of providing a competi- 
tive supply of banking services while main- 
taining the underlying stability of the system. 

A second point illustrated by the Michigan 
example also applies more generally. It is 
one that I largely overlooked in my earlier 
work on antebellum free banking, and yet in 
retrospect seems obvious: the lack of finan- 
cial sophistication in the communities struck 
by the worst experiences. Free banking ex- 
periments were less successful in Michigan, 
Indiana, and Minnesota than in Ohio, New 
York, and Louisiana for a variety of reasons. 
Part of the story must be that the former 
states were all frontier states where much of 
the business community had little experience 
in evaluating the potential demand for bank- 
ing services, and where the public had little 
experience in evaluating the safety of alter- 
native investments.. The market tended to 
discourage the formation of unsound institu- 
tions, and eliminate them after they were 
formed, but it did not do it as smoothly as in 


` established communities. Clearly, if we want 


to draw a lesson about the wisdom of free 
entry in modern circumstances, the experi- 
ence of the developed states rather than the 
frontier states is what is relevant. 

Finally, it is incumbent on the defender of 
antebellum free banking to show that free 
entry produced some of the benefits nor- 
mally anticipated from it. Failure rates are 
only one dimension of the problem. I tried to 


` do this in my earlier work, citing some com- 


parative rates of return in banking, and re- 
lated bits of evidence, suggesting that free 
entry improved the allocation of bank capital 
(1975, pp. 50-65). The best I could do, how- 
ever, was to outline the case. Much remains 
to be done. 

In short, I believe the results presented by 
Rolnick and Weber are important, but read- 
ers of their paper should not be left with the 
impression that the case for antebellum free 
banking rests solely on accepting their inter- 
pretation of the failure rates and related 
Statistics. By showing that the means were at 
hand for increasing confidence in the system, 
and by showing that free entry produced a 
more efficient allocation of bank capital, a 
strong prima facie case can be made for 
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antebellum free banking even to someone 
who is distressed by the breakdowns that 
occurred in Michigan, Indiana, Minnesota, 
and certain other states. 
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Equilibrium Unemployment as a Worker Discipline Device: 
Comment 


By CLIVE BULL* 


In their very interesting and otherwise very 
clear paper, Carl Shapiro and Joseph Stiglitz 
(1984) make a claim concerning risk aversion 
and the lack of a private incentive to provide 
unemployment insurance that is misleading. 
This comment tries to clarify what can in 
fact be correctly claimed in this regard. 

The technological basis of the Shapiro- 
Stiglitz model is a principal-agent model in 
which the firm, for which worker effort is a 
necessary input, cannot observe accurately 
the effort provided by the worker. Because of 
various restrictions that are placed on the 
employment contract that can be written, the 
only incentive that the firm can provide the 
worker in order to elicit effort is the threat of 
firing. Assuming that the probability of being 
hired by another firm in the period following 
being fired is less than one (as they show it 
will be in market equilibrium), then the seri- 
ousness of this threat is an increasing func- 
tion of the difference between the wage paid 
when employed, w, and the wage paid when 
unemployed, w“. Let there be a minimum 
wage, W, that a firm must pay any worker 
that becomes unemployed after a separation 
from the firm, and for simplicity let w = 0. 
Shapiro and Stiglitz show (p. 437) that in a 
market equilibrium firms will set w” = w = 0. 
The argument used is that if a firm were to 
raise w“ alone, it would reduce the incentive 
to shirk. In order to restore this incentive, it 
would then have to raise w. Thus given the 
constraint that the firm must elicit effort 
from the worker, its marginal rate of sub- 
stitution between w“ and w is greater than 
one.! However, if the worker is risk neutral, 
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his or her marginal rate of substitution be- 
tween w” and w is unity. Cost minimization 
by the firm then implies immediately that the 
optimal trade will involve w“=W=0. . 

In their basic model, workers are risk neu- 
tral. However, the authors consider three ex- 
tensions of the model (p. 441)—one of which 
is to risk-averse workers. In that extension 
they claim that, in a market equilibrium, w” 
will still equal w = 0 because no firm has.an 
incentive to offer w>0. This they rightly 
claim is surprising, as their model also in- 
cludes exogenous random separations which 
occur with probability b > 0 per period. Thus 
even a worker who always provided effort 
would become unemployed with probability 
one during his or her infinite lifetime. As 
saving (self-insurance) is ruled out in the 
model, there is a demand by workers for 
unemployment insurance, that is, w“ > 0. To 
quote Shapiro and Stiglitz, “It is striking 
that the market provides no unemployment 
benefits even when workers are highly risk 
averse. Clearly the social optimum involves 
w > 0, if risk aversion is great enough. This 
may provide a justification for mandatory 
minimum benefit levels” (p. 441). In view of 
the implicit contract literature, this is indeed 
striking. 

The claim that w“=W no matter how 
great the risk aversion of workers and the 
implication Shapiro-Stiglitz tentatively draw 
for public policy are misleading as they rely 
implicitly on the assumption that w“ must be 
paid to unemployed workers after separation 
no matter how the separation occurred; that 
is, whether the separation was a random 
event or a firing because of shirking. How- 
ever, the cause of separation does play a 
crucial role in the treatment of workers after 
separation in U.S. union contracts and in the 
labor laws of many OECD countries. Cer- 
tainly in the model at hand there is a clear 
private incentive for a firm to offer insurance 
against the probability of a random sep- 
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aration just as in the implicit contract litera- 
ture. Provision of this insurance would en- 
able the firm to attract labor at a lower 
expected wage cost while leaving the dis- 
incentive to shirk untouched, though it will 
of course effect the incentive to find a new 
job once a random separation has occurred. 

The Shapiro-Stiglitz claim that their model 
generates no private incentive to provide un- 
employment insurance is incorrect if we al- 
low firms to make insurance conditional on 
the mode of separation. Such conditional 
insurance, of course, requires that third par- 
ties such as the courts or the NLRB have 
access to the firm’s information concerning 
the worker’s provision of effort or informa- 
tion concerning the exogenous events that 
cause separations other than fires. If such 
information is imperfect, then the firm will 
be tempted to breach the insurance contract 
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by claiming to have fired for reasons of low 
effort workers who have in fact left the firm 
for other reasons. This type of unfair dismis- 
sal will naturally effect the optimal insurance 
contract. In view of this, among the many 
interesting questions that can be asked within 
the context of the Shapiro-Stiglitz model are, 
what is the impact of changing the ability of 
the courts to monitor the causes of sep- 
arations on the equilibrium unemployment 
rate, and, if such monitoring is costly, what 
is the optimal level to be used? 
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Equilibrium Unemployment as a Worker Descipline Device: 
Reply 


By CARL SHAPIRO AND JOSEPH E. STIGLITZ* 


We agree with Clive Bull’s comment on 
two points, but take slight issue with him on 
a third. We agree that our 1984 paper was 
very interesting. We also agree that if workers 
are risk averse and if quits could easily be 
differentiated from fires, then the firm would 
offer unemployment insurance for workers 
who quit. Bull’s remarks about why such 
insurance is not offered in our model, and 
regarding the effect of such insurance on 
equilibrium, are not quite correct, however. 

Because of space limitations, in our earlier 
paper we were unable to expand on why we 
assumed that firms could not distinguish quits 
from fires for the purposes of unemployment 
compensation. Neither did we fully describe 
the role that this assumption played in our 
analysis. In fact, the equilibrium would be 
very different if employers could distinguish 
between quits and fires. If such distinctions 
are possible, and if workers were risk neutral, 
employers would shift much of workers’ 
compensation into severance pay for quitters, 
yet provide no more than the legal minimum 
of pay (W) to fired shirkers. This shift would 
reduce the equilibrium unemployment rate, 
possibly to zero. If workers are risk averse, 
however, such compensation shifting would 
be limited, and equilibrium unemployment 
would persist. In either case, Bull’s remark 
that employers’ ability to distinguish quits 
from fires would have “no impact on the 
incentive to shirk” is incorrect. In the new 
equilibrium we would need to distinguish 
Vo, the expected lifetime utility of unem- 
ployed workers who had quit their jobs, 
and Vy, expected utility for those who were 
fired. i 

In our earlier paper we made the assump- 
tion that employers would find it rather dif- 
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ficult to distinguish between quits and fires. 
In particular, it would appear difficult to 
prove that a worker shirked, rather than quit, 
especially if the differences in payments to 
workers in those two groups is large. The 
reason we did not permit such distinctions 
was that it seemed to us, in general, to be a 
reasonably easy matter for either side of the 
contract to convert a “fire” into a “quit” and 
vice versa. 

Assume that a worker receives unemploy- 
ment compensation if he quits, but not if he 
is fired (in contrast with our public unem- 
ployment compensation programs). Then a 
worker who has shirked and been caught at 
it has an incentive to run to his’ boss and 
announce that he has quit, before he receives 
a notice that he is being fired. In practice, 
firms frequently give workers who have mis- 
behaved a “‘second chance”; but if the worker 
then could announce that he was quitting, 
any such second chance would prove costly 
to the firm. Similarly, the firm, upon hearing 
rumors that, for one reason or another, one 
of its employees was contemplating quitting, 
would immediately fire him, claiming that he 
was shirking. 

The costs associated with monitoring 
whether a worker had or had not shirked 
seem large; and the costs imposed on the 
employer, were he required to document 
thoroughly every firing, seem sufficiently 
great as to make this an unattractive policy. 
The considerations that lie behind this dis- 
cussion are clearly beyond the scope of the 
formal model we developed; and clearly there 
are circumstances in which it is possible to 
differentiate between quits and fires. Such a 
distinction relies upon an outside (third) 
party observing workers’ effort levels, how- 
ever. Our analysis applies to situations (that 
are common) in which employers find it hard 
to observe effort; third parties will in general 
find effort monitoring at least as costly. In 
practice, monitoring and “management” or 
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“supervision” are joint products, and third- 
party monitoring is not observed. Any mod- 
eling requires simplification. In our judg- 
ment, the assumption that it was impossible 
to differentiate between quits and fires 
seemed better than the alternative polar as- 
sumption. 

Bull’s point about the importance of firms’ 
abilities to distinguish quit and fires is legit- 
imate. He seems, however, to have missed 
one of the two central messages of our paper. 
Whether or not one can or cannot dis- 
tinguish between quits and fires, the equi- 
librium contract is likely not to be con- 
strained Pareto efficient. 

First, when there is full employment (as in 
most of the implicit contract literature), the 
incentive for providing unemployment in- 
surance is that the firm can obtain workers 
at lower total expected (present discounted 
value of) costs. Here, the firm has no dif- 
ficulty obtaining workers: there is a reserve 
army of the unemployed. Bull’s remarks 
about the marginal rate of substitution 
(MRS) between wages, w, and unemploy- 
ment compensation, w“, reveal that he is 
missing this point: workers will trade off w 
and w“ (i.e., have a negative MRS), while 
firms find that a higher w” requires a higher 
w; firms have a positive MRS. It is the 
differing signs of these MRSs, not the mag- 
nitudes, that is the fundamental problem. No 
amount of risk aversion will change this sign 
pattern. It is for this reason that firms will 
provide no more than the legal minimum of 
unemployment compensation if they cannot 
distinguish quits and fires. In general, there 
is no reason to expect the equilibrium rate of 
unemployment insurance, so determined, to 
be socially optimal. The socially optimal rate 
of unemployment benefits balances the in- 
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surance aspects of such benefits against the 
added monitoring costs they necessitate. 
Firms, however, do not account for the in- 
surance aspects of unemployment benefits 
since they have no trouble attracting unem- 
ployed workers (especially when such benefits 
are low!). 

Second, in the case where quits can be 
distinguished from fires, the decision to pro- 
vide unemployment insurance by one firm 
imposes an externality on other firms. This 
externality arises because unemployment in- 
surance influences the quit rate, which in 
turn affects the turnover rate. Increasing the 
turnover rate reduces the expected duration 
in the unemployment pool, and hence neces- 
sitates an increase in monitoring expenses 
and/or wages on the part of other firms to 
avoid shirking. This suggests that the firm 
may provide too high an unemployment ben- 
efit. 

The exact balancing of the considerations 
that go into determining the socially optimal 
level of unemployment compensation is a 
complicated matter, which would take us 
beyond the scope of this reply. It is clear, 
however, that whether firms can or cannot 
differentiate between quits and fires, the pro- 
vision of unemployment insurance by em- 
ployers will not be at a socially optimal level. 
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Capacity, Output, and Sequential Entry: Comment 


By STANLEY S. REYNOLDsS* 


- Two behavioral assumptions that are often 
made in the industrial organization literature 
are that an established firm (or group) may 
deter entry either through limit pricing (the 
Sylos Postulate) or by holding excess capac- 
ity (the Excess Capacity Hypothesis). In an 

- interesting recent article in this Review 
(1981), Daniel Spulber examines these be- 
havioral assumptions to see whether they are 
consistent with rational behavior by an 
established firm. Spulber’s analysis is based 
on a two-firm, two-period game model in 
which the established firm is given a first-in 
advantage. By introducing this dynamic ele- 
ment into the model, Spulber is able to ex- 
plicitly address the issue of the optimality of 
entry-deterring behavior. 

Spulber finds that the use of limit pricing 
and/or excess capacity to deter entry is 
rational only under a very limited set of 
circumstances.’ In particular, when the sec- 
ond-period outcome is determined by a 
Cournot-Nash equilibrium, he derives the 
following results. 1) The first-period output 
of the established firm is always less than or 
equal to the first-period output produced by 
a firm not anticipating entry. The established 
firm essentially accommodates entry and limit 
pricing does not occur. 2) The established 
firm never holds more capital than the 
amount that would minimize its production 
costs, given its output choices in periods one 
and two. 

This comment takes issue with Spulber’s 
conclusions about the Cournot-Nash case. It 
will be shown that the two results cited above 
may be reversed when the production tech- 
nology is characterized by variable propor- 
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tions. This reversal hinges on the particular 
type of Nash equilibrium employed in the 
analysis of the two-period model. Spulber 
implicitly uses a Nash equilibrium that is not 
subgame perfect.” It is shown below that, 
when one requires the Nash equilibrium to 
be subgame perfect, both limit pricing and 
excess capital investment outcomes are possi- 
ble for the variable proportions technology 
case. The subgame perfection property thus 
seems to capture an important strategic ele- 
ment in decision making for the established 
firm. In some cases, this type of strategic 
behavior leads to entry barriers that would 
not exist under “innocent” profit maximi- 
zation by the established firm. Strategic entry 
barriers are discussed by Steven Salop (1979). 
Spulber’s notation and assumptions about 
demand and costs are adopted below. 


I. A Subgame Perfect Nash Equilibrium 


The period-two competition between the 
established firm and the potential entrant is 
a subgame for the two-period model, if the 
initial capital investment by the established 
firm may be observed by each firm prior to 
making its period-two decision. In this sub- 
game, each firm chooses its output to maxi- 
mize its period-two profit, given the capital 
stock carried over from period one by the 
established firm. The subgame equilibrium 
outputs for the established firm and potential 
entrant may be expressed as x}'(k1) and 
x?"(k1), respectively. The equilibrium out- 
puts depend on the established firm’s capital 
stock, kt, because changes in k! alter the 
marginal cost of output for the established 
firm. Given Spulber’s assumptions, there is a 
unique pair of subgame equilibrium outputs 
for each k!. In addition, x?" is continuous 
and nonincreasing in k! and x2” is differen- 


?The concept of subgame perfection is discussed in 
Reinhard Selten (1975). 
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tiable with respect to k! except at the corner 
solution where x?” falls to zero. 

The marginal value of initial capital after 
entry (for an interior solution of the sub- 
game) is composed of two terms (this corre- 
sponds to Spulber’s equation (12), p. 508): 


(1) VY) =- (x3, k!) 

dx” 
dk} ` 
The second term on the right-hand side 


(which is positive for an interior solution) 
refiects the marginal value of capital for the 





+ x} p(x} + x?) 


. established firm from reducing the entrant’s 


output in period two. In a subgame perfect 
equilibrium, the established firm recognizes 
the impact of its capital choice on the 
period-two subgame and takes this into 
account when choosing its capital. In con- 
trast, this second term is absent from Spul- 
ber’s formulation. Spulber implicitly utilizes 
an open-loop Nash equilibrium concept 
for the two-period game.’ In this case, the 
established firm chooses its initial capital 
given some fixed output choice by the poten- 
tial entrant. 

Given the marginal value of capital in (1), 
the first-order necessary conditions for the 
established firm’s period-one choice of out- 
put and capital are (these correspond to 
Spulber’s (13) and (14), p. 509): 


(2) O=p’(x})x}+ p(4)- A(x, kt), 


1 
(3) 0=~—q-c}(x}, x) -( cs TEE k?) 
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The firial term on the right-hand side of (3) is 
positive for an interior solution in which 


3A definition of an open-loop Nash equilibrium is 
provided in Finn Kydland (1975). It is interesting to 
note that the open-loop Nash equilibrium analyzed by 
Spulber for the fixed proportions case is subgame per- 
fect. The notion of subgame perfection becomes im- 
portant in the variable proportions case because of the 
marginal-cost-reducing effect of increased capital invest- 
ment. 
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entry occurs. The presence of this term has 
two implications. First, the established firm 
necessarily invests in more capital than the 
amount that would minimize the discounted 
present value of its total costs, given its 
output choices. This result corresponds to 
the excess investment result for the variable 
proportions case derived by Avinash Dixit 


` (1980) for a one-period model. Second, the 


excess capital investment in a subgame per- 
fect equilibrium may induce the established 
firm to produce more output in the first 
period than a monopolist not anticipating 
entry. So, a limit-pricing outcome with 
period-one price below the “monopoly price” 
is possible in a Nash equilibrium. 

For the Cournot-Nash case, Spulber finds 
that entry is deterred only in Bain’s case of 
“blockaded entry” (Proposition 3, p. 509); 
that is, entry is deterred in equilibrium only 
if the decisions made by a monopolist not 
anticipating entry would be sufficient to deter 
entry. This result does not hold for a sub- 
game perfect Nash equilibrium. An entry 
deterrence equilibrium involves a corner 
solution in the period-two subgame. The 
marginal value of capital in period two for 
this case may be written as 


(4) PY) =~ ch), k') 


+- 





rap) E >V"(kY)t= ch (x4, k) 


where the minus and plus superscripts de- 
note left- and right-hand derivatives, respec- 
tively. The first-order conditions for period- 
one capital choice are a pair of inequalities: 


1 , = 
(5a) 0< -q= (x, M)+()V"e) : 


a 


(5b) 0= -q= (x, K)+( EF 


Er: 
An equilibrium for which the inequality in 
(5b) is strict represents a case of strategic 
equilibrium entry deterrence. That is, the 
established firm expands its period-one 
capital (and output) beyond the “monopoly” 
level in order to deter entry in period two. 
Such an equilibrium necessarily involves limit 
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pricing and excess capital investment. An 
example of this type of equilibrium is pro- 
‘vided in an extended version of this paper 
(see my 1983 paper). 

The results provided above indicate .that 
the Sylos Postulate and excess capital invest- 
‘ ment need not be inconsistent with Nash 
equilibrium behavior. With a variable pro- 
portions technology, the strategic incentives 
for capital -investment can lead an estab- 
lished firm to invest in more than the cost- 
minimizing quantity of capital and to set a 
preentry price below the “monopoly price.” 
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Capacity, Output, and Sequential Entry: Reply 


By DANIEL F. SPULBER* 


In his comment, Stanley Reynolds pro- 
vides a very interesting application of the 
subgame perfect equilibrium concept to my 
1981 entry model.! Reynolds claims that 
contrary to my analysis, “the Sylos Postulate 
and excess capital investment need not be 
inconsistent with Nash equilibrium behavior” 
(p. 896). It is not overly surprising if the 
characteristics of the equilibrium are altered 
by applying a different solution concept. 
However, the conclusions arrived at in my 
earlier paper regarding the Sylos Postu- 
late and the Excess Capacity Hypothesis are 
quite robust to changes in the equilibrium. 
Reynold’s assertion that the behavior of the 
incumbent at the subgame perfect equi- 
librium is consistent with the Sylos Postulate 
or the Excess Capacity Hypothesis is based 
on a misunderstanding of these concepts. 

As Reynolds notes, the two-period, open- 
loop Nash equilibrium with capacity as an 
upper bound on output, which was examined 
in my earlier paper, is also a subgame perfect 
equilibrium. Thus, all of the results for this 
case still hold. In particular, the monopolist 
will deter entry only if the capacity level 
without the threat of entry exceeds the 
entry-deterring level. This requires capacity 
to be relatively inexpensive as compared to 
discounted marginal profit evaluated at the 
entry blocking output (Proposition 1 and 
equation (4) of my paper). Thus, “the Sylos 
Postulate is only satisfied in this limited 
sense” (p. 506). The established firm may 
choose, however, to permit entry. When en- 
try occurs, the established firm always oper- 


*Department of Economics, University of Southern 
California, University Park, Los Angeles, CA 90089- 
0035. The support of the National Science Foundation 
is gratefully acknowledged. I thank Bob Becker and 
Jennifer Reinganum for helpful discussions. Any errors 
are my own responsibility. 

lAdditional extensions of my entry model are carried 
out for the case of uncertainty by S. Perrakis and G. 
Warskett (1983) and for a multiperiod perfect equi- 
librium by L. Arvan (1983), see also Reynolds (1983). 
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ates at full capacity before entry, thus con- 
tradicting the Excess Capacity Hypothesis. 
When capacity is relatively inexpensive, the 
established firm lowers its output to accom- 
modate the entrant and holds excess capacity. 
after entry, thus contradicting the Sylos Pos- 
tulate. 

For the case’ where capacity investment 
affects production costs, entrant and in- 
cumbent firm behavior at the subgame per- 
fect equilibrium reinforces my conclusion 
that “the Sylos Postulate ignores both the 
strategic interaction between firms and the 
dynamic aspects of entry” (p. 503). The 
established firm at the subgame perfect equi- 
librium will not deter entry whether or not it 
is profitable to do so. Rather, entry will be 
deterred only if 


Q'p'(Q") 
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+ , 
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where Q? is the entry blocking output. This 
requires capacity to be inexpensive relative 
to the present value of cost savings and the 
discounted marginal revenue gain from entry 
deterrence. Otherwise, the established firm 
will accommodate entry by lowering its out- 
put, x} > x}, at the subgame perfect equi- 
librium. This is hardly a confirmation of 
static limit pricing or the Sylos Postulate. 
Indeed, the threat of maintaining an unpro- 
fitably high constant output is precisely the 
type of ad hoc threat that would not be 
carried out by an established firm (or be- 
lieved by a potential entrant) at a subgame 
perfect Nash equilibrium. 

My conclusion that the Excess Capacity 
Hypothesis is “inconsistent with post-entry 
Cournot-Nash behavior whether or not entry 
is permitted by the established firm” (p. 504) 
is also reinforced by the results for the sub- 
game perfect equilibrium. Consider first the 
case where entry is deterred. As Reynolds 
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correctly points out, this may require invest- 
ment (and output) in excess of the monopoly 
level. Output is kept constant at the pre-entry 
level, x} = x} = Q!, and there is excess capac- 
ity in both periods, q> -— ct(Q', k1 + 
(1/1 + r))).? However, entry is deterred by a 
large equilibrium output, not by the threat of 
raising output to capacity. The Excess 
Capacity Hypothesis asserts that it is the 
capacity level itself (and the threat to raise 
the low monopoly output) which deters en- 
try. Again, this is precisely the type of ad hoc 
threat that would not be carried out by the 
established firm (or believed by the entrarit) 
at the subgame perfect equilibrium. 

When entry is not deterred, output falls, 
which certainly contradicts the Excess Ca- 
pacity Hypothesis.. Further, since xi >x} 
and cyp <0, q > ~ clx}, k +74 + r))) 
which implies excess capacity in the second 
period for the established firm (as given by 
my equation (25)). The fact of excess capac- 
ity after entry certainly contradicts the Ex- 
cess Capacity Hypothesis. Further, output 
and capacity may be lower than the mo- 
nopoly level at the subgame perfect Nash 
equilibrium. This will hold unless capacity is 
sufficiently inexpensive (relative to cost sav- 
ings) to overcome the lower returns to capac- 
ity in the post-entry equilibrium. 

The appropriate, game theoretic solution 
concept should be the one best suited to the 
economic problem at hand. The open-loop 
Cournot-Nash framework may best describe 
markets in which the entrant and established 
firm possess the same ability to contract for- 
ward. Thus, the firms compete for future 
market shares in the first period despite in- 


? My earlier paper contains a misprint which does not 
affect the results as stated. The assumption on the cost 
function on p. 508 should read cl, > 0. 
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vestment and production lags. There is evi- 
dence to suggest that this may be an accurate 


` description of a number of industries, such 


as electronic data processing.’ In any case, 
both the open- and -closed-loop solutions 
yield insights into the the Sylos Postulate 
and the Excess Capacity Hypothesis. 


3Many firms manufacturing small business com- 
puters have an established consumer base which could 
be tapped for future sales of general purpose computer 
systems, (see Franklin Fisher et al., 1983, pp. 174-75). 
IBM has also faced entry from potential suppliers 
established in other fields (office equipment, compo- 
nents, and communications). Thus, contracts made in 
the current period for future delivery may accurately 
describe the entry challenge faced by established firms 
in this market. . 
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The Risks of Financial Product Deregulation 
Discussants: DWIGHT M. JAFFEE, Princeton University 
ROBERT A. EISENBEIS, University of North Carolina 
James R. BARTH, George Washington University 
Ricuarp W: Korcke, Federal Reserve Bank of Boston 
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2:30 P.M. NEW RESEARCH DIRECTIONS ON SOCIALIST ECONOMIC SYSTEMS 
Presiding: ED A. HEWETT, The Brookings Institution 
Papers: JOHN P. BURKETT, University of Rhode Island 
Slack and Shortage in Socialist Economies 
JOHN B. HALL, Drexel University 
Toward a Theory of Plan Bargaining in Hungary 
SERGIO G. Roca, Adelphi University 
Management of State Enterprises: A Comparison of the Soviet Union and Cuba 
Discussants: FREDERIC L. PRYOR, Swarthmore College 
JUDITH THORNTON, University of Washington 


2:30 P.M. CONFLICT AND PEACE ECONOMICS I: STRATEGY IN THE INTERNATIONAL SECTOR (Joint Session with the 
Peace Science Society (International)) 
Presiding: WALTER IsaRD, Cornell University 
Papers: MARTIN SHUBIK, Yale University 
The Role of Game-Theoretic Analysis in International Conflict Research 
Barry NALEBUFF, Harvard University 
Strategic Economic Factors in National Security 
Discussants: STEVEN BRaMS, New York University 
MANCUR OLSON, University of Maryland 


2:30 P.M. RISK AND MANAGERIAL BEHAVIOR 
Presiding: F. M. SCHERER, Swarthmore College 
Papers: RICHARD D. MacMinn, University of Texas-Austin 
Insurance and Corporate Risk Management 
FREDERICK HARRIS, University of Texas-Arlington 
Competing Theories of Firm Decision Making under Risk: An Empirical Test 
DARYL N. Winn, University of Colorado-Boulder 
Tobin’s Q Ratio, Investment, and Executive Behavior: An Empirical Examination 
JOHN LUNN, Louisiana State University-Baton Rouge 
The Diffusion of New Technology: The Case of Pioneering Adopters 
Discussants: STEPHEN Ross, Yale University 
WILLIAM MCEACHERN, University of Connecticut 


2:30 P.M. WELFARE REFORM: NEW RESEARCH AND POLICY DEVELOPMENTS 
Presiding: ROBERT MOFFITT, Brown University 
Papers: ROBERT MOFFITT, Brown University 
Work Incentives in the AFDC System: An Analysis of the 1981 Reforms 
JUDY GUERON, DANIEL FRIEDLANDER, BARBARA GOLDMAN, AND DAVID LONG, Manpower Demon- 
stration Research Corporation 
Interim Findings from the Demonstration of State Work/ Welfare Initiatives 
THOMAS FRAKER, BARBARA DEVANEY, AND EDWARD Cavin, Mathematica Policy Research, Inc. 
An Evaluation of the Effect of Cashing Out Food Stamps on Food Expenditures 
Discussants: HENRY AARON, The Brookings Institution and University of Maryland 
Haro.p Watts, Columbia University 
EDWARD GRAMLICH, University of Michigan 


2:30 P.M. OVERSHOOTING AGRICULTURAL COMMODITY MARKETS AND Pinne PoLicy (Joint Session with the 
American Agricultural Economics Association) 
Presiding: G. EDWARD SCHUH, World Bank 
Papers: GORDON C. RAUSSER, JAMES A. CHALFANT, H. ALAN LOVE, YASUO NISHIYAMA, AND KOSTAS 
STAMOULIS, University of California-Berkeley 
Macroeconomic Linkages, Taxes, and Subsidies on the U.S. Agricultural Sector 
MARGARET ANDREWS, Rutgers University 
Taxes/Subsidies and the Political Economy of Agricultural Policies 
Discussants: JEFFREY A. FRANKEL, University of California-Berkeley 
Maurice OMSTFELD, Columbia University 


4:30 P.M. TAx POLICY FOR ECONOMIC GROWTH 
Presiding: JOSEPH A. PECHMAN, The Brookings Institution . 
Panel: Martin S. FELDSTEIN, Harvard University and National Bureau of Economic Research 
ALAN GREENSPAN, Townsend-Greenspan & Co., Inc. 
WALTER W. HELLER, University of Minnesota 
WILLIAM D. NORDHAUS, Yale University 
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8:00 P.M. RICHARD T. ELY LECTURE 
Presiding. ALICE M. Rivuin, The Brookings Institution 
Paper: HERBERT STEIN, American Enterprise Institute 
(Title to be announced) 


Sunday, December 29, 1985 _ 


8:00 A.M. FEDERAL DEFICIT AND THE GRANTS Economy (Joint Session with the Association for the Study of the 
Grants Economy) 
Presiding: KENNETH E, BOULDING, George Mason University and University of Colorado 
Papers: JOSEPH SCHERER, Economic Consultant, Georgetown, Maine 
The Grant Implications of Federal Tax and Spending Reforms 
THOMAS MULLER, The Urban Institute 
The Spatial Redistribution Effect of Some Federal Budget Reform Scenarios 
(To be announced) 
Measuring the Size and Leverage of Subsidy Components in Off-Budget Federal Financing 
Discussant: HOWARD P. TuckMan, Memphis State University 


8:00 A.M. ROUNDTABLE ON ECONOMIC EDUCATION: INCREASING THE PUBLIC’s UNDERSTANDING OF ECONOMICS 
Presiding: MARIANNE A. FERBER, University of Illinois-Urbana 
Papers: ALBERT E. REES, Alfred P. Sloan Foundation 
The Marketplace of Economic Ideas 
LEONARD M. SILK, The New York Times 
Communicating Economic Ideas and Controversies 
MICHAEL A. MACDOWELL, Joint Council on Economic Education 
What Can We Expect of the Schools? 
W. Lee Hansen, University of Wisconsin-Madison 
Building a Knowledge of Economics among College Graduates 


8:00 A.M. LDC Pouicy RESPONSES TO EXOGENOUS SHOCKS 
Presiding: RONALD I. MCKINNON, Stanford University 
Papers: BELA BALASSA, The Johns Hopkins University and World Bank 
LDC Policy Responses to Exogenous Shocks 
MAXWELL J. Fry, University of California-Irvine 
LDC Monetary Policy Responses to Exogenous Shocks 
Mousin S. Kuan, International Monetary Fund 
LDC Exchange Rate Policy Responses to Exogenous Shocks 
Vito Tanzi, International Monetary Fund 
LDC Fiscal Policy Responses to Exogenous Shocks 
Discussants: ALBERTO GIOVANNINI, Columbia University 
NATHANIEL LEFF, Columbia University 


8:00 A.M. GENDER AND RACE IN THE ECONOMICS CURRICULUM 
Presiding: Lester THUROW, Massachusetts Institute of Technology 
Papers: ROBIN BARTLETT, Denison University 
Introducing the Concepts of Race, Gender, and Class into the Principles Curriculum 
BERNADETTE CHACHERE, Hampton University 
Reflections on the Treatment of Race in the Economics Curriculum 
Susan FEINER, Virginia Commonwealth University, AND BARBARA MORGAN, London School of 
Economics 
Hidden by the Invisible Hand: Race and Gender in Introductory Economics Textbooks 
Discussant: RICHARD WOLFF, University of Massachusetts-Amherst 


8:00 A.M. THE EFFICIENT PROVISION OF LOCAL PUBLIC SERVICES 
Presiding: ROBERT HARTMAN, U.S. Congressional Budget Office 
Papers: ANWAR M. CHAUDRY-SHAH, Department of Finance, Canada 
Capitalization and the Theory of Local Public Finance: An Interpretative Essay 
RANDALL CRANE, University of Wisconsin-Milwaukee 
Efficient Policies for Local Economies 
STEVEN BENDER, York University 
Revealing Preferences for Public Goods through Referenda 
Davip E. WILDASIN, Indiana University 
Tax Exporting and the Marginal Cost of Public Funds 
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Discussants: JOHN YINGER, Harvard University 
ANDREW RESCHOVSKY, Tufts University 
KATHARINE BRADBURY, Federal Reserve Bank of Boston 
DENNIS ZIMMERMAN, Congressional Research Service 


8:00 A.M. WAGES, UNEMPLOYMENT, AND INVOLUNTARY RETIREMENT 
Presiding: JosepH G. ALTONS, Columbia University 
Papers; ESKANDER ALVI, University of Arizona 
Quasi-Fixity and the Uneven Incidence of Layoffs in a Search Equilibrium 
JONATHAN MICHIE, Oxford University, England 
The Cyclical Behavior of Wages 
Fusun F. GONUL, Ohio State University 
A Methodology for Determining Whether Unemployment and Out of the Labor Force are 
Distinct States 
JAGDISH HANDA, McGill University 
A Theory of Mandatory Retirement 
Discussants: SHELLY LUNDBERG, University of Washington 
Larry Katz, University of California-Berkeley 
Lisa LYNCH, Massachusetts Institute of Technology 


8:00 A.M. NEW INSIGHTS ON THE STRUCTURAL ECONOMIC POSITION OF AFRICAN-AMERICANS (Joint Session with 
the National Economic Association) 
Presiding: CLEVELAND CHANDLER, Howard University 
Papers: FRANK G. Davis, Howard University 
A New Approach to Urban Poverty: The Case of the D.C. Economy 
LORENZO BROWN, Federal Trade Commission 
A Comparative Analysis of Industrial and Market Structure among African-Americans and in the 
U.S. Economy as a Whole 
JaMES HEFNER, Jackson State University 
The Sunbelt and the Snowbelt: Industrial and Market Structure among African-Americans and 
the U.S. Economy 
CLEVELAND CHANDLER, Howard University 
The Structure of the Economic Base among African-Americans in the U.S. Economy 
Discussants: WILLIAM Danity, JR., University of North Carolina-Chapel Hill 
Ruonpa M. WILLIAMS, University of Texas-Austin , 


8:00 A.M. FIRST FORAYS INTO THE HISTORY OF ECONOMICS (Joint Session with the History of Economics Society) 
Presiding: DaviD Levy, George Mason University 
Papers: ROY EPSTEIN, University of Illinois-Chicago Circle 
Cowles’ Problems Revisited 
Mary MorGan, University of York, England 
Statistics Without Probability and Haavelmo’s Revolution 
CHRISTOPHER GILBERT, Oxford University, England 
The Development of the British School in Econometrics 
Discussant: EDWARD E. LEAMER, University of California-Los Angeles 


8:00 A.M. THE SHIFTING PATTERNS OF COMPARATIVE ADVANTAGES— UNITED STATES-ASIA (Joint Session with the 
Committee on Asian Economic Studies) 
Presiding: RICHARD HOOLEY, University of Pittsburgh 
Panel: ROBERT E. BALDWIN, University of Wisconsin 
LAWRENCE B. Krauss, The Brookings Institution 
RANDOLPH BARKER, Cornell University 
PAUL P. STREETEN, Boston University and World Bank 


8:00 A.M. AGGLOMERATION ECONOMIES: THEORY AND MEASUREMENT (Joint Session with the American Real Estate 
and Urban Economics Association) 
Presiding: EDWIN S. MILLS, Princeton University 
Papers: ROBERT W. HELSLEY, University of British Columbia 
Agglomeration and External Economies 
GERALD A. CARLINO, Federal Reserve Bank of Philadelphia, AND Epwin S. MILLS, Princeton 
University 
Do Urban Areas Matter? 
RONALD L. Moomaw, Oklahoma State University 
Urbanization and Localization Economies: Estimates at the 2- and 3-Digit Levels 


908 THE AMERICAN ECONOMIC REVIEW SEPTEMBER 1985 


Discussants: MASHISA FUJITA, University of Pennsylvania 
MICHAEL S. FOGARTY, Federal Reserve Bank of Cleveland 
RANDALL W. EBERTS, University of Oregon 


8:00 A.M. CURRENT ISSUES IN MONEY, CREDIT, AND BANKING (Joint Session with the Journal of Money, Credit and 
Banking) 
Presiding: STEPHEN MCCAFFERTY AND J. Huston McCuLtocu, Ohio State University 
Papers: GREGORY HOELSCHER, Chase Manhattan Bank 
New Evidence on Deficits and Interest Rates 
MADELYN ANTONCIC, Federal Reserve Bank of New York 
High and Volatile Real Interest Rates: Where Does the Fed Fit In? 
ANDREW K. Rose, Massachusetts Institute of Technology 
Money Demand in the 1980’s 


8:00 A.M. ADVANCES AND PROBLEMS IN VALUING ENVIRONMENTAL RESOURCES (Joint Session with the Association 
of Environmental and Resource Economics) 
Presiding: WILLIAM D. SCHULZE, University of Colorado 
Papers: NANCY BOCKSTAEL, University of Maryland 
Issues in the Application of the Travel Cost Method for Valuing Environmental Amenities 
ROBERT MENDELSOHN, Yale University 
Identification, Simultaneous Equations, and Collinearity Problems in the Estimation of Hedonic 
Gradients z 
Don Coursey, University of Wyoming 
Continent Valuation of Nonmarket Goods: Lessons from the Laboratory 
Discussants: V. KERRY SMITH, Vanderbilt University 
MAUREEN CROPPER, University of Maryland 
ROBERT Rowe, Energy and Resource Censultants 


10:15 A.M. CHANGES IN WAGE NORMS 
Presiding: CLAIR BROWN, University of California-Berkeley 
Papers: ASSAR LINDBECK, Institute of International Economic Studies, Sweden, AND DENNIS SNOWER, 
Birkbeck College, England 
Wage Setting, Unemployment, and Insider-Outsider Relations 
MICHAEL L. WACHTER, University of Pennsylvania 
Sources of Union Wage Rigidity 
GEORGE L. PERRY, The Brookings Institetion 
Shifting Wage Norms and their Implications 
DaNIEL J. B. MITCHELL, University of California-Los Angeles 
Unions vs. Nonunion Wage Norm Shifts 


10:15 A.M. Do GOVERNMENT PROGRAMS CLOSE THE RACIAL GaP? (Joint Session with the National Economic 
Association) 
Presiding: LYNN C. BURBRIDGE, The Urban Institute 
Papers: EMMETT CARSON, Princeton University 
The Underclass Concept: Self-Help vs. Government Intervention 
WAYNE VROMAN, The Urban Institute ; 
Transfer Payments, Sample Selection, and Male Black-White Earnings Differences 
JEROME CuLP, Duke University 
Federal Courts and the Enforcement of Title VII 
JONATHAN LEONARD, University of California-Berkeley 
What was Affirmative Action? 
Discussants: BERNARD ANDERSON, Princeton University 
LYNN C. BURBRIDGE, The Urban Institute 


10:15 A.M. R&D, INNOVATION, AND PUBLIC POLICY 
Presiding: HENRY G. GRABOWSKI, Duke Uriversity 
Papers: RICHARD NELSON, Yale University 
Institutions Supporting R&D and the Role of Public Policy 
EDWIN MANSFIELD, University of Pennsyivania 
The R&D Tax Credit and Other Current Policy Issues 
HENRY GRABOWSKI AND JOHN VERNON, Duke University 
Regulation, Innovation and Imitation: Recent Legislative Initiatives 
RICHARD LEVIN, Yale University 
A New Look at the Role of the Patent System 
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Discussants: F. M. SCHERER, Swarthmore College 
ROLF PIEKARZ, National Science Foundation 


10:15 A.M. THE INTERNATIONAL DIMENSIONS OF FISCAL POLICIES 
Presiding: JAMES TOBIN, Yale University 
Papers: JACOB A. FRENKEL, University of Chicago and National Bureau of Economic Research, AND 
ASSAF RAZIN, Tel-Aviv University, Israel, and National Bureau of Economic Research 
The International Transmission of Budget Deficits in the World Economy 
JEFFREY SACHS, Harvard University and National Bureau of Economic Research 
- Fiscal Policies and Exchange Rates in the OECD 
MARTIN S. FELDSTEIN, Harvard University and National Bureau of Economic Research 
U.S. Fiscal Policies and the World Economy 
Discussants: ROBERT J. GORDON, Northwestern University . 
WILLIAM H. BRANSON, Princeton University 


10:15 A.M. SYNTHESIS THROUGH MICROANALYTIC SIMULATION 
Presiding: Guy H. ORCUTT, Yale University 
Papers: HEINZ P. GALLER, University of Bielefeld, FRG 
The Frankfurt Microsimulation Model: A Comprehensive Approach to the Personal Income 
Distribution 
GUNNAR ELIASSON, Industrial Institute of Economic and Social Research, Sweden 
Pricing and Markets in the Swedish Microsimulation Model 
ALICE NAKAMURA AND MASAO NAKAMURA, University of Alberta 
Incorporation of Micro and Macro Information in Microanalytic Models 
RICHARD RUGGLES AND NANCY RUGGLES, New Haven, Connecticut 
Household Accounts and the Household Sector 
Discussants: HAROLD BEEBOUT, Mathematica Policy Research, Inc. 
STEVEN B. CALDWELL, Cornell University 


10:15 A.M. SOME ISSUES IN INTERNATIONAL BANKING 
Presiding: HEYWOOD FLEISIG, World Bank 
Papers: GRACIELA KAMINSKY, University of California-San Diego 
Capital Controls and the Dual Exchange Rate 
MICHAEL H. MOFFETT, University of Oregon-Corvallis 
The Stability of the International Interbank Market Under Credit Rationing 
JOHN DUKAS AND ABOLHASSAN JALILVAND, Concordia University . 
Sovereign Risk and International Lending Interactions 
Discussants: NANCY MARION, Dartmouth College 
LANCE GIRTON, University of Utah 
FRANK MCCORMICK, Bank of America 


10:15 A.M. INTERGOVERNMENTAL FISCAL RELATIONS 
Presiding: SHARON BERNSTEIN-MEGDAL, University of Arizona 
Papers: THOMAS POGUE, University of Iowa 
Intergovernmental Grants and Local Government Spending: Some New Evidence 
DANIEL P. SCHWALLIE, Case Western Reserve University 
A Theory of Intergovernmental Grants and their Effect on Aggregate Grantor-Recipient 
Spending . 
HOWARD CHERNICK, Hunter College, AND ANDREW RESCHOVSKY, Tufts University 
State-Local Finance and the Flat Tax 
Discussants: ROBERT PAUL INMAN, University of Pennsylvania 
HELEN F. LADD, Harvard University 


10:15 A.M. INVENTORIES AND EXPECTATIONS (Joint Session with the International Society for Inventory Research) 
Presiding: MICHAEL C. LOVELL, Wesleyan University 
Papers: F. OWEN IRVINE, JR., Michigan State University 
Manufacturing Inventory Investment in the United Kingdom 
MOHEB A. GHALI, University of Hawaii-Manoa 
Seasonality, Aggregation and the Testing of the Production Smoothing Hypothesis 
Jonn F. MUTH, Indiana University 
Short-Run Forecasts of Business Activity 
Discussants: RICCARDO FIORITO, University of Chieti, Italy 
Louis J. MaccINI, The Johns Hopkins University 
TRYPHON KOLLINTZAS, University of Pittsburgh 
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10:15 A.M. THE POLITICAL ECONOMY OF GROWTH, DISTRIBUTION, AND EQUITY 
Presiding: ROBERT HEILBRONER, New School for Social Research 
Papers: DONALD HARRIS, Stanford University 

Growth and Equity: Complements or Opposites? 
RICHARD McGauey, New York University 
The Political Economy of U.S. Growth and Distribution: 1960-84 and Beyond 
LESTER THUROW, Masschusetts Institute of Technology 
International Trade and the American Distribution of Income 
Discussants: ROBERT KUTTNER, The New Republic 
GLENN Loury, Harvard University 
ROBERT HEILBRONER, New School for Social Research 


10:15 A.M. OMICRON DELTA EPSILON CHAPTER ADVISORS AND REGIONAL DIRECTORS (Joint Session with Omicron 
Delta Epsilon) 
Presiding: David A. MARTIN, State University of New York-Geneseo 
(Papers and titles to be announced) 


10:15 A.M. Impacts OF NEw MEDICAL CARE PAYMENT METHODS (Joint Session with the Health Economics 
Research Organization) 
Presiding: ALLEN Dosson, Health Care Financing Administration 
Papers: BARRY KEATING, University of Notre Dame, AND HOWARD ADDIS, Gerig and Addis, 
Surgeons, Inc. 
Prospective Payments: Will DRG Compensation Reduce Medical Costs? 
Rosert H. Les, University of North Carolina 
Prospective Reimbursement and the Demand for Medical Residents 
Davin I. Kass, U.S. General Accounting Office 
Alternative Payment Mechanisms for Home Health Agencies 
Discussants: JUDITH LAVE, University of Pittsburgh 
MICHAEL A. MORRISEY, American Hospital Association 
ZACHARY DYCKMAN, Center for Health Policy Studies 


10:15 A.M. DEVELOPING COUNTRY ISSUES: THE ENERGY PROBLEM (Joint Session wath the East-West Center) 
Presiding: CORAZON M, SIDDAYAO, East-West Center 
Papers: MARCIA GOWEN, East-West Center and World Bank 
A Comparative Economic Analysis of Biomass and Fossil Fuels in Developing Countries 
MOHAMMED KHALED, JULIE RANADA, K. Ravi SHANKAR, SUPAVUD SAICHEUA, AND CORAZON M. 
SIDDAYAO, East-West Center and University of Hawaii 
A Comparison of Energy and Non-Energy Input Elasticities in the Manufacturing Sectors of 
Selected Asian Countries: Policy Implications 
YuKO YANO, United Nations 
Application of Microcomputer Technology for Energy Planning in Developing Countries 
Discussants: PATRICIA KOSHEL, U.S. Agency for International Development 
ERNST R. BERNDT, Massachusetts Institute of Technology 
Joy DUNKERLEY, Resources for the Future 


12:30 P.M. AEA CENTENNIAL LUNCHEON: THE FUTURE OF ECONOMICS 
Presiding: ALICE M. RIVLIN, The Brookings Institution 
Speakers: Josep E. STIGLITZ, Princeton University 
An Academy Viewpoint 
MARINA V.N. WHITMAN, General Motors 
A Business Viewpoint, 
RUDOLPH G. PENNER, Congressional Budget Office 
A Government Policy Viewpoint 


2:30 P.M. SUPPLY-SIDE ECONOMICS: WHAT REMAINS? 
Presiding: HERBERT STEIN, American Enterprise Institute 
Papers: MARTIN FELDSTEIN, Harvard University and National Bureau of Economic Research 
Supply-Side Considerations and the Policy Mix 
LAWRENCE CHIMERINE, Chase Econometrics 
Economic Surprises and Messages of the 1980’s 
GEORGE M. VON FURSTENBERG AND R. JEFFERY GREEN, Indiana University 
Supply-Side Modeling from Bits and Pieces 
Discussants: BARRY P. Bosworth, The Brookings Institution 
MANUEL H. Jounson, U.S. Department of the Treasury 
VICTOR A. CANTO, University of Southern California 
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2:30 p.M. Equity BETWEEN THE SEXES IN ECONOMIC PARTICIPATION 
Presiding: IRENE LURIE, State University of New York-Albany 
Papers: SOPHIE Korczyxk, Employee Benefit Research Institute, Washington, D.C. 
Tax Reform and Equity for the Two-Earner Family: The Problem of Employee Benefits 
ELAINE SORENSEN, University of Massachusetts 
Implementing Comparable Worth: A Survey of Recent Job Evaluation Studies 
MICHELLE WHITE, University of Michigan 
Commuting Behavior of Men and Women Workers in Large Cities 
Nan L. MAXWELL, California State University-Hayward AND RONALD D’Amico, Ohio State 
University 
Employment and Wage Effects of Involuntary Job Separation: Male-Female Differences 


2:30 P.M. THE SOVIET GROWTH SLOWDOWN: THREE VIEWS 
Presiding: HERBERT S. LEVINE, University of Pennsylvania 
Papers: STANISLOW GOMULKA, London School of Economics 
Soviet Growth Slowdown: Duality, Maturity, and Innovation 
Papa Desar, Columbia University 
Soviet Growth Slowdown and Efficiency 
VLADIMIR KONTOROVICH, Command Economies Research, Inc. 
Soviet Growth Slowdown: Econometric vs. Direct Evidence 
Discussants: EDWARD F. DENISON, The Brookings Institution 
GERTRUDE SCHROEDER, University of Virginia 


2:30 P.M. SITING OF HAZARDOUS FACILITIES 
Presiding: HOWARD KUNREUTHER, University of Pennsylvania 
Papers: ROBERT CAMERON MITCHELL, Resources for the Future, AND RICHARD T. Carson, Resources 
for the Future and University of California-San Diego 
Not in My Backyard: The Economic Cost of Siting Opposition 
V. Kerry SMITH, Vanderbilt University, AND WILLIAM H. DesvousGEs, Research Triangle Institute 
Asymmetries in the Valuation of Risk and the Siting of Hazardous Waste Facilities 
HOWARD KUNREUTHER AND PAUL R. KLEINDORFER, University of Pennsylvania 
The Rate of Compensation and Insurance in Siting Hazardous Facilities 
Discussants: ALLEN V. KNEESE, Resources for the Future 
WILLIAM D. SCHULZE, University of Colorado 


2:30 P.M. BUDGET REFORM AND THE THEORY OF FISCAL FEDERALISM 
Presiding: JOHN M. QUIGLEY, University of California-Berkeley 
Papers: MANCUR OLSON, University of Maryland 

The Continuing Evolution of Fiscal Federalism 

Harvey S. ROSEN, Princeton University 
State Taxation in a Federal System 

JOHN M. QUIGLEY AND DANIEL L. RUBINFELD, University of California-Berkeley 
Budget Reform and the Structure of American Federalism 

Discussants: RUDOLPH PENNER, U.S. Congressional Budget Office 
RICHARD MUSGRAVE, University of California-Santa Cruz 
GORDON TULLOCK, George Mason University 


2:30 P.M. THE SURVEY OF INCOME AND PROGRAM PARTICIPATION—EARLY FINDINGS FROM A NEW DATA 
RESOURCE 
Presiding: MARTIN DAVID, University of Wisconsin-Madison 
Papers: PAUL RYSCAVAGE, U.S. Bureau of the Census 
Labor Force Transitions 
ENRIQUE J. LAMAS AND JOHN M. MCNEIL, U.S. Bureau of the Census 
Patterns of Asset Ownership and Wealth Holdings 
CONSTANCE F. CITRO, Mathematica Policy Research, AND HAROLD W. Warts, Columbia University 
Patterns of Household Composition and Family Status Change 
Discussants: GLEN C. CAIN, University of Wisconsin 
James Tosin, Yale University 


2:30 P.M. ISSUES IN FINANCIAL REFORM 
Presiding: GILLIAN GARCIA, U.S. General Accounting Office 
Papers: IAN GIDDY, Columbia University and New York University 
Risk and the Underwriting of Corporate Securities 
HERBERT BAER AND LARRY MOTE, Federal Reserve Bank cf Chicago 
Lessons from Foreign Experience with Nationwide Banking 
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ELIJAH BREWER, Federal Reserve Bank of Chicago, GILLIAN Garcia, U.S. General Accounting 
Office, AND ALAN REICHERT, Northern Illinois University 
The Determinants of S&L Profitability: An Intertemporal Comparison 
Discussants: SUSAN KRAUSE, Office of the. Comptroller of the Currency . 
CONSTANCE DURHAM, Federal Reserve Bank of Boston 
GEORGE KAUFMAN, Loyola University of Chicago 
Joun F. SmitH, Loyola University of Chicago 


2:30 P.M. IS BETTER FORECASTING POSSIBLE? 
Presiding: ALBERT T. SOMMERS, Conference Board 
Papers: VICTOR ZARNOWITZ, University of Chicago 
The Forecasting Record 
PAUL MCCRACKEN, University of Michigan 
Views of a Policymaker 
LAWRENCE CHIMERINE, Chase Econometrics 
Views of a Practitioner 


2:30 P.M. MARKET STRUCTURE AND COMPETITION 
Presiding: JaMES W. MCKIE, University of Texas-Austin 
Papers: FREDERICK R. WARREN-BOULTON, ROBERT H. MCGUCKIN, AND PETER WALSTEIN, US. 
Department of Justice 
Analysis of the Competitive Effects of Mergers with an Extension to the Capital Asset Pricing 
Model : 
STANLEY S. REYNOLDS, University of Arizona 
Plant Closings and Exit Behavior in Declining Industries 
JOHN Kwoxa, George Washington University 
Market Segmentation by Product Quality: Some Evidence from Automobiles 
Discussants: LEE E. PRESTON, University of Maryland 
STEVEN N. WIGGINS, Texas A&M University 


2:30 P.M. INSTITUTIONS AND POLICIES IN HIGHER EDUCATION 
Presiding: DAVID BRENEMAN, Kalamazoo College 
Papers: STEPHEN A. HOENACK, University af Minnesota 
An Econometric Model of a Public University’s Input and Output 
ROBERT C. DOLAN AND ROBERT M. SCHMIDT, University of Richmond 
Modeling Institutional Production of Higher Education 
SANDRA R. Baum, Wellesley College, AND SAUL SCHWARTZ, Tufts University 
Merit-Based vs. Need-Based Aid for Post-Secondary Students 
MICHAEL S. MCPHERSON, The Brookings Institution 
Institutional Behavior and Student-Aid Policy 
Discussants: (To be announced) 


2:30 P.M. ECONOMIC IMPLICATIONS OF FAMILY AND TRADITIONAL TIES IN DEVELOPING COUNTRY LABOR MARKETS 
(Joint Session with the Industrial Relations Research Association) ; 
Presiding: BERNARD E. ANDERSON, Princeton University 
Papers: SUBBIAH KANNAPPAN, Michigan State University 
Maximization and Labor Market Behavior in an Anthropological and Political Context 
Koji Taira, University of Illinois 
Diverse Entrepreneurial Traditions and Implications for Internal and External Labor Markets 
JAMES G. SCOVILLE, University of Minnesota 
Economic Analysis of Labor Market Premia for Traditional Skills in Developing Nations 
Discussanis: T. PAUL SCHULTZ, Yale University 
MICHAEL Piore, Massachusetts Institute cf Technology 
MARK LEISERSON, World Bank 


2:30 P.M. ECONOMIC RESPONSES TO PENSION PROVISIONS 
Presiding: ALICIA H. MUNNELL, Federal Reserve Bank of Boston 
Papers: ROBERT B. AVERY, GREG ELLIEHAUSEN, Board of Governors of the Federal Reserve System, 
AND THOMAS GUSTAFSON, Health Care Financing Administration 
Household Responses to Pension Coverage from the 1983 Survey of the Consumer Finances 
RICHARD V. BURKHAUSER, Vanderbilt University, AND KAREN C. HOLDEN, University of Wisconsin 
Pensioners’ Widows: Are They Shortchanged? 
R., GLENN HUBBARD AND KENNETH L. Jupp, Northwestern University ` 
Social Security and Individual Welfare: Precautionary Saving, Borrowing Constraints, and 
Optimal Taxation 
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ROBERT L. CLARK AND ANN A. MCDERMED, North Carolina State University 
Earnings Response to Pension Coverage and Eligibility 
Discussants: OLIVIA S. MITCHELL, Cornell University 
RICHARD A. IPPOLITO, U.S. Department of Labor 


2:30 P.M. PROVISION OF LONG-TERM MEDICAL CARE (Joint Session with the Health Economics Research 
Organization) 
Presiding: WILLIAM J. SCANLON, Georgetown University 
Papers: STEVEN G. ULLMANN AND A. G. HOLTMANN, University of Miami 


Insight into the Demand for and Utilization of Long-Term Health Care Service in the United 
States 


Niccie L. McKay, Texas A&M University 
Costs and Input Choices in the Nursing Home Industry 
PETER KEMPER, RANDALL BROWN, JON CHRISTIANSON, THOMAS GRANNEMANN, AND JUDITH WOOL- 
RIDGE, Mathematica Policy Research, Inc. 
Results of the National Long-Term Care Channeling Demonstration 
Discussants: ROBERT SCHLENKER, University of Colorado 
LYNN PARRINGER, California State University-Hayward 
WILLIAM POLLAK, University of Chicago 


4:30 P.M. PRESIDENTIAL ADDRESS AND BUSINESS MEETING 
Presiding: ALICE M. RIVLIN, The Brookings Institution 
Speaker: CHARLES P. KINDLEBERGER, Massachusetts Institute of Technology 
International Public Goods without International Government 


6:30 P.M. AEA 100TH BIRTHDAY CELEBRATION 


Monday, December 30, 1985 


~ 8:00 A.M. GRANTS ECONOMY AND COMPARATIVE ECONOMIC SYSTEMS: MEASUREMENT PROBLEMS AND POLICY ISSUES 
y (Joint Session with the Association for the Study of the Grants Economy) 
` Presiding: JANOS HORvaTm, Butler University 
Papers: ALAN A. BROWN, University of Windsor, AND EGON NEUBERGER, State University of New 
York-Stony Brook 
On the Efficiency and Normative Effects of Grant Elements in the Market Sphere 
ELIZABETH CLAYTON, University of Illinois and University of Missouri 
The Impact of Subsidies on the Supply Function in Soviet Agriculture 
Discussants: DEBORAH D. MILANKOVITCH, Barnard College 
LYNN TURGEON, Hofstra University 


8:00 A.M. HIGH TECH INDUSTRIES AND ECONOMIC GROWTH (A ROUNDTABLE) (Joint Session with the National 
Association of Business Economists) 
Presiding: EDGAR R. FIEDLER, The Conference Board 
Panel: ROSANNE COLE, IBM Corporation 
GEORGE M. VON FURSTENBERG, Indiana University 
ULRIC WEIL, Morgan Stanley and Company 


8:00 A.M. GOVERNMENT POLICY AND POVERTY 
Presiding: PETER GOTTSCHALK, Bowdoin College 
Papers: GLENN Loury, Harvard University 
Welfare Attitudes and Poverty 
RICHARD MICHEL, The Urban Institute, AND FRANK Levy, University of Maryland 
Welfare Work and Poverty 
SHELDON DANZIGER, University of Wisconsin-Madison, AND PETER GOTTSCHALK, Bowdoin College 
Growth Cycles and Poverty 
Discussants: GARY BURTLESS, The Brookings Institution 
DaviID ELLWOOD, Harvard University 


8:00 A.M. ECONOMIC POLICY AND THE THEORY OF THE FIRM: NEW PERSPECTIVES 
Presiding: MICHAEL C. JENSEN, University of Rochester and Harvard University 
Papers: SHERWIN ROSEN, University of Chicago 
The Public Interest in Labor Contracts 
STEVEN C. SALOP, Georgetown University 
Limited Cooperation, Vertical Integration, and Competitive Incentives 
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OLIVER E. WILLIAMSON, Yale University 
Transforming Merger Policy: The Pound of New Perspectives 
Discussants: RONALD H. Coase, University of Chicago 
GREGORY K. Down, Yale University 
DAVID SAPPINGTON, Bell Communications Research and University of Pennsylvania 


8:00 A.M. THE ECONOMICS OF PUBLIC INFORMATION, GOVERNMENT POLICY, AND MARKET EXPECTATIONS 
Presiding: SUCHADA V. LANGLEY, University of Maryland 
Papers: BARRY FALK AND PETER ORAZEM, Iowa State University 
The Theory of Futures Market Responses to Government Crop Forecasts 
DAVID BESSLER, Texas A&M University. CARL NELSON, University of Illinois, AND EDNA LOEHMAN, 
Purdue University 
The Effect of Information on Input Use Decisions 
WALLACE HUFFMAN, Iowa State University, AND SUCHADA LANGLEY, University of Maryland 
The Differential Effects of Relative Expected Prices on the Farm and Non-Farm Sectors 
Discussants: JOHN MiRANOWSKI, U.S. Department of Agriculture 
ROBERT CHAMBERS, University of Maryland 
ROBERT EVENSON, Yale University 


ra 


8:00 A.M. INTERNATIONAL TRADE AND THE LDCs 
Presiding: PAUL WONNACOTT, University of Maryland 
Papers: WING T. Woo, University of California-Davis 
The Impact of the U.S. Policy Mix on the LDCs 
MONTAGUE J. LORD, Inter-American Development Bank 
Product Differentiation in International Commodity Trade 
BETH V. YARBROUGH, Amherst College, AND ROBERT M. YARBROUGH, Tufts University 
Reciprocity, Bilateralism, and Regulatory Standards: Protectionism or Hostages to Free Trade? 
Discussants: STEPHEN A. O’CONNELL, University of Pennsylvania 
Eric FIsHER, Board of Governors of the Federal Reserve System 
MIGUEL A. KIGUEL, University of Maryland 


8:00 A.M. MACROECONOMIC ADJUSTMENT PROCESSES ` 
Presiding: VAN DOORN Ooms, Committee on the Budget, U.S. House of Representatives 
Papers: JOHN CASKEY AND STEVEN FAZZAEI, Washington University-St. Louis 
Disinflation, Wage Flexibility, and Nominal Debt Commitments 
Tan DOMOWITZ, R. GLENN HUBBARD, AND BRUCE C. PETERSEN, Northwestern University 
Industry Margins and the Business Cycle 
MARK WILSON, University of Pennsylvania 
The Response of Manufacturing Labor to De-Industrialization and the Growth of Service 
Employment 
Discussants: FRANK DE LEEUW, U.S. Department of Commerce 
MICHAEL C. LOVELL, Wesleyan University 


8:00 A.M. RACE AND ETHNICITY IN THE HISTORY OF ECONOMIC THOUGHT Goint Session with the National 
Economic Association) 
Presiding: BOBBIE L. Horn, University of Tulsa 
Papers: MARK ALDRICH, Smith College 
Race, Ethnicity and the Thought of Joan R. Commons 
ROBERT CHERRY, Brooklyn College 
Walker to Myrdal: The Transition from Genetic to Culture of Poverty Explanations of Black 
Inferiority 
STEVEN SHULMAN, Colorado State University 
Alternative Conceptualizations of Labor Market Discrimination 
Discussants: FRANCIEL WILSON, University of Michigan 
HOWARD STANBACK, New School for Social Research 


8:00 A.M. POPPER AND THE LSE Economists (Joint Session with the History of Economics Society) 
Presiding: E. ROY WEINTRAUB, Duke University 
Papers: NEIL DE Marci, Duke University 
Popper and the LSE 
D. WaDE Hanos, University of Puget Sound 
Ad hocness in Economics 
DAN Hausman, Carngie-Mellon University 
Popper Misapprehended 
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DALE STAHL, Duke University and Massachusetts Institute of Technology 
Testing and the Information Content of Theory 
Discussants: BRUCE CALDWELL, University of North Carolina-Greensboro 
ALEXANDER ROSENBERG, Syracuse University 
CHRIS ARCHIBALD, University of British Columbia 
LAWRENCE A. BOLAND, Simon Fraser University 
BRUCE CALDWELL, University of North Carolina-Greensboro 


8:00 A.M. FUTURE PROSPECTS OF THE INDIAN Economy (Joint Session with the Association of Indian Economic 
Studies) : 
Presiding: ROMESH DIWAN, Rensselaer Polytechnic Institute 
Papers: J. D. SETHI, Delhi University, India 
Future Prospects of the Indian Economy 
F. TOMASSON JANNUZI, University of Texas-Austin 
Toward Food Security in India 
RoMESH Diwan, Rensselaer Polytechnic Institute 
Will the Indian Economy Take Off? 
Discussants: SURESH DESAI, Montclair State College 
ASHOK BHARGAVA, University of Wisconsin- Whitewater 


8:00 A.M. WORLD POPULATION TRENDS AND THEIR IMPACT ON DEVELOPMENT (Joint Session with the Society for 
Policy Modeling) 
Presiding: DOMINICK SALVATORE, Fordham University 
Papers: Wuu-LonG Lin, United Nations 
Socio-Demographic Characteristics of Economic Disparities 
FRED COMPANO, United Nations 
The Process of Urbanization and its Effects on Income Distribution 
GEORGE STOLNITZ, Indiana University 
Population and Development of Interrelationships: Main Food and Agricultural Issues 
Discussants: DOUGLAS O. WALKER, United Nations 
STANLEY J. Lawson, St. John’s University 
GEORGE C. WANG, California State University 


8:00 a.M. THE DEMAND FOR PHYSICIAN SERVICES (JOINT SESSION WITH THE HEALTH ECONOMICS RESEARCH 
ORGANIZATION) 
Presiding: WILLIAM D. MARDER, American Medical Association 
Papers: BONG-MIN YANG, University of Lowell, AND TEH-WeEI Hu, Pennsylvania State University 
Demand and Supply of Physician Services: Equilibrium vs. Disequilibrium Analysis 
JOACHIM NEIPP, Harvard University and Heidelberg University 
Supplier Induced Demand: A Refined Theory and Test 
ALAN C. MONHEIT AND Curt D. MUELLER, National Center for Health Services Research 
Demand for Primary Care Physicians’ Services: An Hedonic Approach 
Discussants: PETER COYTE, University of Alberta 
James B. RAMSEY, New York University 
MICHAEL GROSSMAN, City University of New York 


-10:15 A.M. INFLATION, UNEMPLOYMENT, AND FIRM FINANCE IN HISTORICAL PERSPECTIVE 
Presiding: CLAUDIA GOLDIN, University of Pennsylvania 
Papers: STEVEN B. WEBB, University of Michigan 
Four Ends of the Big Inflation in Germany, 1920 to 1924 
JOHN A. JAMES, University of Virginia ` 
Shifts in the Nineteenth-Century Phillips Curve 
RAYMOND P. H. FISHE AND Lours DE ALESSI, University of Miami 
Why Do Companies Distribute Assets? 
Discussants: HUGH ROCKOFF, Rutgers University 
MICHAEL EDELSTEIN, Queens College 


10:15 A.M. ISSUES IN ECONOMIC DEVELOPMENT 
Presiding: LARRY E. WESTPHAL, Swarthmore College 
Papers: RICARDO MARTIN AND MARCELO SELOWSKY, World Bank 
External Shocks and the Demand for Adjustment Finance 
KRISHNA BELBASE AND RICHARD GRABOWSKI, Southern Illinois University-Carbondale 
An Analysis of Optimal Scale and Factor Intensity in Nepalese Agriculture; An Application of 
Ray-Homothetic Production Function 
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JENE Kwon, Northern Illinois University 
An Estimation of Production Technologies-in South Korean Manufacturing 
` Discussants: CLIVE BELL, The Johns Hopkins University 
Davip BLAU, University of North Carolina-Chapel Hill i 


10:15 A.M. THE EFFECTS OF TRANSPORTATION DEREGULATION: THEORY AND ‘EVIDENCE 
Presiding: THEODORE E. KEELER, University of California-Berkeley 
Papers: JOEL DERNSKI, Stanford University, Davin SAPPINGTON, Bell Communications Research, AND 
PABLO SPILLER, The Hoover Institution 
Regulation and Competition: A Model of Endogenous Regulatory Change 
RICHARD BEILOCK AND JAMES FROEMAN, University of Florida 
The Impact on Freight Rates of Motor Carrier Deregulation: The Cases of Florida and Arizona 
FREDERICK HARRIS AND JOHN TRAPANI, University of Texas-Arlington 
Firm-Specific Price and Quality in Competitive Airline Markets 
Discussants: DARIUS W. GASKINS, JR., Burlington Northern Railroad 
MICHAEL E. Levine, University of Southern California 


10:15 A.M. ASIAN Economic STUDIES: KOREA (Joint Session with the Committee on Asian Economic Studies) 
Presiding: LAWRENCE B. Krause, The Brockings Institution 
Papers: SUNG Y. KWACK, Howard University 
Dynamic Effects of a Change in Savings Rates on Growth and External Debt: The Case of Korea 
KISEOK LEE AND MANORANJAN DUTTA, Rutgers University 
The Structural Instability of International Trade—Korea, Japan, the United States, and the Rest 
of the World 
JanG H. Yoo, Virginia Commonwealth University, AND BONG J. Yoon, State University of New 
York-Binghamton 
The Demand for Urban Housing in Korea: Rent Seeking and Welfare Transfer 
Discussants: RICHARD HOOLEY, University of Pittsburgh 
Davin COLE, Harvard Institute for International Development 
SHUJIRO Urata, World Bank 


10:15 A.M. THE MYSTIFYING ENTREPRENEURSHIP: ON THE RELATION BETWEEN ENTREPRENEURSHIP, MOTIVATION, 
"AND E-EFFICIENCY THEORY (Joint Session w-th the Society for the Advancement of Behavioral Eco- 
nomics) 

Presiding: BENJAMIN GILAD, Rutgers University 
Papers: HARVEY LEIBENSTEIN, Harvard University 
Entrepreneurship, Motivation, and X-Efficiency Theory 
Puitip B. NELSON AND JOHN HILKE, Federal Trade Commission 
Caveat Innovator: Strategic and Structural Implications of Consumer Shopping Behavior for New 
Product Introduction 
WILLIAM STARBUCK, New York University 
Whatever Happened to the Behavioral Theory of the Firm? 
(Winner of the SABE Competition) 
(Title to be announced) 
Discussants: STANLEY KAISH, Rutgers University 
SHLOMO MalITAL, Technion, Israel 


10:15 A.M. CONFLICT AND PEACE ECONOMICS II: NATIONAL SECURITY AND MILITARY EXPENDITURES (Joint Session 
with the Peace Science Society (International)) 
Presiding: KENNETH BOULDING, George Mason University ‘and University of Colorado-Boulder 
Papers: RICHARD NELSON, Yale University 
Issues in Governance of National Security 
CHARLES ANDERTON AND WALTER ISARD, Cornell University 
Arms Control: Economic Constraints and Stimuli 
Discussants: MICHAEL INTRILIGATOR, University of California-Los Angeles 
Murray WOLESON, Oregon State University 


10:15 A.M. STRUCTURAL TRENDS IN TRANSPORTATION AND PUBLIC UTILITIES (Joint Session with the Transportation 
and Public Utilities Group) 
Presiding: JOHN C. SPYCHALSKI, Pennsylvania State University 
Papers: Harry M. TREBING, Michigan State University 
Emergent Patterns of Market Dominance in Energy and Communications: Fallacies in the New 
Anti-Regulatory Economics 
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ALICE E. Kipper, Babson College 
Carrier Turnover in Rural Transportation Markets 
ROBERT N. STEARNS, Barber Associates 
Mergers and Acquisitions in the Rail Industry 
Discussants: KENNETH R. NowoTtny, New Mexico State University 
ALLAN D. SCHUSTER, University of Texas-Austin 


10:15 A.M. OUTLOOK FOR THE FINANCIAL MARKETS (Joint Session with the National Association of Business 
Economists) 
Presiding: ANNE D. PICKER, Nynex Corporation 
Papers: DANIEL AHEARN, Wellington Management 
Interest Rates ` 
GEOFFREY BELL, Geoffrey Bell and Company, Inc, 
Foreign Exchange 
PETER VERMILYE, Endowment Management and Research Corporation 
Security Markets 
Discussants: GEORGE MCKINNEY, JR., University of Virginia 
FRANK SCHOTT, Equitable Life Assurance Company 


10:15 A.M. THE DETERMINANTS OF NATURAL RESOURCE SCARCITY (Joint Session with the Association cf Environ - 
mental and Resource Economists) 
Presiding: RICHARD NORGAARD, University of California-Berkeley 
Papers: ERNST R. BERNDT, Massachusetts Institute of Technology 
The Role of Substitution and Conservation in the Demand for Energy 
` ROBERT HALVORSEN, University of Washington 
Evidence on Resource Scarcity from Minerals Markets 
ROGER SEDIJO, Resources for the Future, Inc. 
Deforestation and the Value of Biological Diversity 
Discussants: EDWARD Morey, University of Colorado 
Scotr Farrow, Carnegie-Mellon University 
DOUGLAS SOUTHGATE, Ohio State University 


10:15 A.M. ANALYSES OF THE NaTION’s LARGEST HEALTH CARE SYSTEM (Joint Session with the Health Economics 
Research Organization) 
Presiding: JERRY CROMWELL, Center for Health Economics Research 
Papers: BERNARD FRIEDMAN, ANDREW MELCZER, Northwestern University, AND ROBERTA L. DEN- 
woop, Edward Hines, Jr. Hospital 
Resources Used in Ambulatory Care in VA Hospitals 
EDGAR A. PEDEN, Veterans’ Administration 
Determinants of VA and Other Hospital Use 
DONALD E. YETT AND RICHARD L. ERNST, University of Southern California 
VA Medical Care Demand Models 
Discussants: CRAIG COELAN, Abt Associates, Inc. 
Amy TAYLOR, National Center for Health Services Research 
Jack HADLEY, Georgetown University 


10:15 A.M. ECONOMIC ISSUES IN THE ARTS 
Presiding: MANCUR OLSON, University of Maryland : 
Papers: WILLIAM J. BAUMOL, Princeton University and New York University 
Investment in the Visual Arts as a Floating Crap Game 
Dick NETZER, New York University 
Dance in New York: Market and Subsidy Changes 
James H. GAPINSKI, Florida State University 
The Lively Arts as Substitutes for the Lively Arts 
Discussants: WILLIAM S. HENDON, Journal of Cultural Economics 
Haro_p Horowitz, National Endowment for the Arts 
VIRGINIA Lee Owen, Illinois State University 


NOTES 


The ninety-eighth annual meeting of the American 
Economic Association will be held in New York, New 
York, December 28-30, 1985. 

The Professional Placement Service will be located at 
the Sheraton Centre Hotel. It will be open from 10:00 
A.M. to 5:00 P.M., December 27; 9:00 A.M. to 5:00 P.M., 
December 28-29, and 9:00 to 12:00 noon, Decem- 
ber 30. 


Members wishing to give papers or make suggestions 
for the program for the AEA meeting, New Orleans, 
LA, December 28-30, 1986, are invited to write to 
Professor Gary S. Becker, Department of Economics, 
1126 East 59th Street, University of Chicago, Chicago, 
IL 60637. To be considered for contributed sessions, 
abstracts of (noneconometric) papers must be received 
no later than February 1, 1986. : 


The Lionel Robbins Memoriai Fund: After the death 
of Lionel Robbins last year, friends, colleagues, and 
former students established a fund to honor his mem- 
ory. The fund will be used for two purposes. The first 
is sponsorship of a set of lectures by outstanding 
economists to be presented annually at the London 
School of Economics. Second, it will provide post- 
graduate research scholarships open to students of all 
nationalities and usable at any U.K. institution of higher 
learning. It is hoped to collect the equivalent of at least 
$250,000 overall, and about half the amount has already 
been contributed in the United Kingdom. Contributions 
toward the lecture program can be made through the 
American Friends of L.S.E., and are tax deductible. 
Checks should be made payable to them, marked “Lionel 
Robbins Lecture Series,” and sent to American Friends 
of L.S.E., 1497 Chain Bridge Road, Suite 104, McLena, 
VA 22101. Contributions toward the scholarships, which 
may not be tax deductible, should be sent directly to the 
Appeals Officer, London School of Economics and 
Political Science, Houghton Street, London WC2A 2AE, 
England. 


The P.W.S. Andrews Memorial Prize of £300 is 
awarded annually for an essay within the general field of 
Industrial Economics and Theory of the Firm, broadly 
interpreted. Entry is open to those under age 30, or 
within eight years of taking a first degree. The essay, 
written in English and not exceeding 10,000 words, 
should be original research by the candidate only, not 
previously published, and not previously awarded any 
other prize. The winning essay may, at the discretion of 
the editors, be published in The Journal of Industrial 
Economics. The deadline is December 31, 1985. Further 


details are available from Miss B. Cox, University House, 
The University of Lancaster, Bailrigg, Lancaster, LA1 
4YW, England, or the General Editor, JIE, The In- 
stitute of Economics and Statistics, The University of 
Oxford, St. Cross Bldg., Manor Road, Oxford, OX1 
3UL, England, or the North American Editor, JIE, 
Graduate School of Business Administration, New York 
University, 90 Trinity Place, New York, NY 10006. 


Nominations for candidates for Sloan Research Fel- 
lowships are due by September 15. Candidates must be 
members of the faculty at a college or university in the 
United States or Canada, and must be at an early stage 
of .their research careers. Please write Sloan Research 
Fellowships, Alfred P. Sloan Foundation, 630 Fifth 
Avenue, New York, NY 10111. 


The Leonard J. Savage Award of $500 is presented 
annually for an outstanding doctoral dissertation in the 
area of Bayesian Econometrics and Statistics. The clos- 
ing date each year is July 1. Dissertations and support- 
ing letters from thesis supervisors should be sent to 
Professor Arnold Zeliner, Graduate School of Business, 
University of Chicago, 1101 E. 58th Street, Chicago, IL 
60637. 

The co-winners of the 1984 Award are Luc Bauwens, 
“Bayesian Full Information Analysis of Simultaneous 
Equation Models Using Integration by Monte Carlo,” 
completed at CORE, Université Catholique de Louvain, 
Louvain, Belgium, and Peter C. Cramton, “The Role of 
Time and Information in Bargaining,” completed at the 
Graduate School of Business, Stanford University. The 
Thesis Evaluation Committee included Bruce M. Hill, 
University of Michigan, chair; James M. Dickey, State 
University of New York; Nicholas M. Kiefer, Cornell 
University; David Lane, University of Minnesota; and 
Arnold Zellner, University of Chicago (ex officio). 


The Robert Wood Johnson Foundation announces 
a fellowship program for university faculty in the field 
of health care finance. The program has three parts: 
a four-month educational component at The Johns 
Hopkins University; an eighth-month placement in a 
private or public health care financing organization; and 
support for related research in the year following. For 


- more information and application materials, contact the 
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Program Director, Dr. Carl J. Schramm, The Center for 
Hospital Finance and Management, The Johns Hopkins 
Medical Institutions, 624 North Broadway, Baltimore, 
MD 21205 (telephone 301 + 955-8316). 


SEPTEMBER 1985 


The National Humanities Center will admit ap- 
proximately forty Fellows for the academic year, 
1986-87. Fellowships are awarded on the basis of open 
competition, and applications are welcomed from the 
United States and abroad. Representatives of the hu- 
manities, natural sciences, social sciences, and profes- 
sional life may apply. The deadline is October 15, 1985. 
Application forms are available from the Center and 
should be supported by a curriculum vitae, a 1,000-word 
project proposal, and three letters of recommendation. 
Please write Kent Mullikin, Assistant Director, Nation- 
al Humanities Center, 7 Alexander Drive, Research 
Triangle Park, NC 27709. 


The Institute for Research on Poverty at the Univer- 
sity of Wisconsin, in association with the Office of the 
Assistant Secretary for Planning and Evaluation at the 
U.S. Department of Health and Human Services, is 
sponsoring a Small Grants Program for research on a 
variety of poverty-related topics. Program guidelines 
will be available November 1, 1985. The grants will fund 
research for the summer of 1986; the application 
deadline is February 15, 1986. Further information on 
obtaining program guidelines can be obtained from 
Elizabeth Evanson, Institute for Research on Poverty, 
1180 Observatory Drive, 3412 Social Science Building, 
University of Wisconsin, Madison, WI 53706. 


Applications are invited for the Graduate School of 
Industrial Administration, Carnegie-Mellon University, 
postdoctoral fellowships in political economy. Recent 
Ph.D.s (within past four years) in economics, political 
science, or related fields with a strong commitment to 
the use of mathematical or quantitative analysis in the 
study of politics and the interdependence of political 
and economic decision making should apply. Special 
consideration will be given to scholars interested in 
pursuing collaborative research with GSIA faculty in 
studying political processes that relate to government 
spending and taxation, and in studying legislatures and 
voting. A twelve-month stipend commensurate with an 
assistant professor’s salary will be provided. Please for- 
ward a resume and brief statement of research interests, 
or write for further information: Professor Howard 
Rosenthal, GSIA, Carnegie-Mellon University, Pitts- 
burgh, PA 15213. 


Donation Available: Full issues of the American Eco- 
nomic Review (1958-85) and Journal of Economic Liter- 
ature (1966-85) for only shipping charges to any uni- 
versity or college. Contact A. J. Harrison, 27 West 
55 Street, New York, NY 10019 (telephone 718+ 
990-0623). 


The NSF Division of Science Resources Studies an- 
nounces its 1986 Program for the Analysis of Science 
Resources. Research grants will be awarded for studies 
directed toward quantitative indicators for science and 
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technology policy within such areas as New Institutional 
Arrangements for Promoting RaD Technological In- 
novation and Diffusion; Bibliometric and other Mea- 
sures of Scientific or Technological Advance; Inter- 
national Flows of Science and Technology, including 
Personnel; Public Attitudes toward Science and Tech- 
nology; and the Relationships of Science and Technol- 
ogy with Society. Proposals should be submitted by 
January 15, 1986. Awards usually cover one to two 
person-years of effort. Specific information is given in 
the Announcement of the Program, which can be ob- 
tained from: Division of Science Resources Studies, 
NSF, 1800 G Street, NW, Washington, D.C. 20550. 


New annual grant of up to $50,000 is announced by 
the law firm, O’Melveny & Meyers. The 1986 topic is 
the Internationalization of American Business—The 
Challenge of the Pacific Basin. Applications (by post- 
doctoral faculty, businessmen, other professionals) must 
be on file by October 1, 1985. The grantee for 1986 will 
be selected by a committee consisting of John F. Akers, 
President and Chief Executive Officer of IBM; Bruce 
MacLaury, President of The Brookings Institution; John 
McArthur, Dean of the Harvard Graduate School of 
Business; and Susan Westerberg Prager, Dean of UCLA 
Law School and President Elect of the Association of 
American Law Schools. Application forms may be ob- 
tained by writing to Warren Christopher, O’Melveny & 
Meyers, 400 South Hope Street, Los Angeles, CA 
90071-2899. 


Call for Papers: Studies in Economic Analysis is a 
biannual, student-edited journal soliciting research art- 
icles from both established economists and students. 
Submission fee is $4.00 for nonsubscribers. Submit 
manuscripts to, or request format and style instructions 
from, The Editors SEA, Department of Economics, 
College of Business Administration, University of South 
Carolina, Columbia, SC 29208. 


Cail for Papers: The Western Social Science Associa- 
tion will hold its 28th annual meeting at the MGM 
Grand Hotel, Reno, Nevada, April 23-26, 1986. Ab- 
stracts or proposals for mainstream economics should 
be sent to WSSA President Don Coursey, Department 
of Economics, University of Wyoming, Laramie, WY 
82701 prior to November 15, 1985. 


Call for Papers: VOICES: The Art and Science of 
Psychotherapy is the quarterly journal of the American 
Academy of Psychotherapists. A special issue to appear 
fall 1986 is being planned on Ploughing the Outer 
Fields: Anthropologists, Sociologists, and Economists; 
Newer Contributions to Psychotherapy. Papers both 
informal and informative are welcome. They should be 
approximately 2500-3000 words, double spaced, sub- 
mitted in triplicate. The deadline for submissions is July 
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1, 1986. Please send papers to Dr. E. Mark Stern, 
Editor, VOICES, 215 East 11 Street, New York, NY 
10003. 


Call for Papers: The seventh Berkshire Conference 
on the History of Women will be held June 19-21, 1987, 
at Wellesley College. The theme is “Beyond the 
Public/Private Dichotomy: Reassessing Women’s Place 
in History.” Please submit proposals for complete ses- 
sions (no more than two papers, one commentator, and 
one moderator). Individual: papers will also be con- 
sidered. Please include title of paper(s), one-page ab- 
stract(s), names, addresses, telephone numbers, and 
one-page vitaes of all participants to include affiliation 
or place of residence. Send three copies (other than U.S. 
topics) to Dorothy O. Helly, Women’s Studies Program, 
Hunter College, 695 Park Avenue, New York, NY 10021; 
(U.S. topics) to Susan Reverby, Women’s Studies Pro- 
gram, Wellesley College, Wellesley, MA 02181. The 
deadline is February 1, 1986. Enclose a stamped self-ad- 
dressed postcard. . 


Call for Papers: A Risk Theory Seminar will be held 


at the University of South Carolina, April 4—6, 1986.- 


Topics on all areas of risk and insurance are eligible. 
Send outlines ‘of proposed preseniations by November 
30, 1985 (eight or nine will be chosen) to any of the 
following: Dr. Barbara Beliveau, School of Business 
Administration, U-41B, University of Connecticut, 
Storrs, CT 06268; Dr. S. Travis Pritchett, College of 
Business Administration, University of South Carolina, 
Columbia, SC 29208; Dr. Harris Schlesinger, Depart- 
ment of Economics, Vanderbilt University, Nashville, 
TN 37235. The acceptance decision will be made by 
January 20, 1986; completed papers must be sent by 
February 20,'1986. 


Call for Papers: The Southwestern Economics As- 
sociation will hold its annual meeting at the Menger 
Hotel, San Antonio, Texas, March 19-22, 1986, in 
conjunction with the Southwest Social Science Associa- 
tion’s annual meeting. All academic, business, and 
government economists are invited to submit proposals 
for papers and panel discussions, or to serve as chair or 
discussant. Send abstracts or other information before 
October 15, 1985, to M. Ray Perryman, Suite 212, 
Hankamer School of Business, Baylor University, Waco, 
TX 76798. 


Call for Papers: The Southeastern Council of Latin 
American Studies 1986 meeting will be held at Clemson 
University, April 3-5. The theme is “City and Country 
in Latin American: The Implications for Change.” Pro- 
posals for panels, papers, and commentators in all disci- 
plines are invited. Contact the Program Chairpersons: 
Professor Bowdler, Political Science Department, Uni- 
versity of South Carolina, Aiken, SC 29801 and Profes- 
sor Kargleder, Department of Languages, Spring Hill 
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College, Mobile, AL 36608, The deadline is October 15, 
1985. 


Call for Papers: The fourth International Conference 
on Cultural Economics and Planning, sponsored by the 
Ministry of Culture of France and the Association for 
Cultural Economics, will be held in Avignon, France, at 
the Palace of the Popes, May 5-6, 1986. Sessions will 
deal with economics of the arts, historic preservation, 
among other topics. To’ present a paper, or attend, 
contact Dr. William S. Hendon, Association for Cul- 
tural Economics, Department of Urban Studies, Univer- 
sity of Akron, Akron, OH 44325. 


Call for Papers: The 1986 annual meeting of the 
Eastern Finance Association will be held April 16-19, 
1986 in Nashville, Tennessee. To present a paper, sub- 
mit a two-page abstract no later than November 1, 1985. 
Individuals wishing to chair a session, or serve as, a 
discussant should write indicating their arenas of inter- 
est and expertise to: Allan Young, Vice President, EFA 
Program, School of Management, Syracuse University, 
Syracuse, NY 13210. - 


Call for Papers: The International Conference on 
Marketing and Development will be held in Istanbul, 
Turkey, September 1-4, 1986. Topics will be Develop- 
ment and the Role of Marketing; Managerial Issues in 
Marketing and Development; and Consumer Issues in 
Development. Submit abstracts of 300-500 words no 
later than November 4, 1985 to the Conference Coordi- 
nator, Erdégan Kumcu, Department of Marketing, Ball 
State University, Muncie, IN 47306 (telephone 317+ 
285-5186). 


Call for Papers: The Centre HEC-ICA (CESA) is 
organizing a conference on Research in International 
Finance to be held June 19-20, 1986, in Jouy-en-Josas 
near Paris. Papers on all aspects of international finance 
are invited. Sessions are planned on international finance 
management, money, capital markets, and comparative 
national studies. A special session will be devoted to 
computer applications designed to assist international 
financial management. Papers, or detailed abstracts, 
should be submitted in duplicate before December 15, 
1985 to Professors Bernard Marois and Bruno Solnik, 
Centre HEC-ISA, B.P. 100, 78350 Jouy en Josas, France 
(telephone:; (33-3) 956 8000). . 


The sixth International Meeting of the Association 
d’Econometrie Appliquee/Applied Econometrics As- 
sociation will be held at Erasmus University, Rotter- 
dam, December 16-17, 1985. For further information, 
contact M. Lamure, Université de Lyon 1, Batiment 
101, 43 Bd du 11 Novembre 1918, 69622 Villeurbanne, 
Cedex, France. 


SEPTEMBER 1985 


The Third World Congress for Soviet and East 
European Studies, cosponsored by the American‘Associ- 
ation for the Advancement of Slavic Studies and the 
International Committee for Soviet and East European 
Studies, will be held at the Sheraton Washington. Hotel, 
Washington, D.C., October 30—-November 4, 1985. For 
information, contact AAASS, ‘128 Encina Commons, 
Stanford University, Stanford, CA 94305. (telephone 
415 + 497-9668). 


The Center for Great Plains Studies announces its 
tenth annual symposium, March 20-22, 1986. The con- 
ference, “The Meaning of the Plains Indian Past for 
Present Plains Culture,” will focus on European trans- 
formations of social and symbolic forms in Plains.In- 
dian cultures; Indian and non-Indian cultural relation- 
ships; and the cultural and economic development of 
indigenous peoples in the face of: Euro-American incur- 
sions into their territory and culture. For further infor- 
mation, contact Professor Paul Olson, Center for Great 
Plains Studies, University of Nebraska, 1213 Oldfather 
Hall, Lincoln, NB 68588-0314. : 5 


Economists who are strongly oriented toward the 
humanities, who use humanistic methods in their re- 
search, and who will be participating in -meetings held 
outside the United States, Mexico, and Canada that are 
concerned with the humanistic aspects of their discipline 
are eligible ‘to apply for small travel grants of the 
American Council of Learned Societies. Financial assis- 
tance is limited to airfare between major commercial 
airports and will not exceed one-half of projected econ- 
omy-class fare. Social scientists and legal scholars who 
specialize in the history or philosophy of their disci- 
plines are eligible if the meeting they wish to attend is so 
oriented. Applicants must hold a Ph.D. degree or its 
equivalent, and must be citizens or permanent residents 
of the United States. To be eligible, proposed meetings 
must be broadly international in sponsorship or par- 
ticipation, or both. The deadlines for application to be 
received in the ACLS office are:, meetings scheduled 
between July and October, March 1; for meetings sched- 
uled between November and February, July 1; for meet- 

`- ings scheduled between March and June, November 1. 

- Please request application forms by writing directly to 
the ACLS (Attention: Travel Grant Program), 228 East 
45 Street, New York, NY 10017, setting forth the name, 
dates, place, and sponsorship of the meetirig, as well as a 
brief statement describing the nature of your proposed 
role in the meeting. 


Deaths 


Kent T. Healy, professor emeritus of economics, Yale 
University, January 9, 1985. 

Ralph C. Jones, professor emeritus of economics, 
Yale University, November 20, 1984. 
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Tjalling C. Koopmans, Alfred Cowles professor 
emeritus of economics, Yale University, February 26, 


. 1985. 


Elsie M. Knoer, assistant. professor of economics, 
University of California-Davis, January 30, 1985. 

Raymond Lubitz, assistant director, Federal Reserve, 
July 13, 1984. 

-Paul Rosenstein-Rodan, Boston, MA, April 28, 1985. 


_ Retirements 


Rudolph.C. Blitz, professor of economics, Vanderbilt 
University, July 1985. 

Jesse Burkhead, Maxwell professor of economics and 
public administration, Syracuse University, May 1985. 

‘George H. Cleaver, vice president of research, Merrill 
Lynch, August 1984. 

Bruce Glassburner, professor of economics, Univer- 
sity, of California-Davis, July 1, 1984, 


Promotions 


David Evans: associate professor of economics, 
Fordham University. 

Asim Erdilek: professor of economics, Case Western 
Reserve University, July 1, 1985. 

Steven D. Gold: director, Fiscal Affairs Program, 
National Conference of State Legislatures, March 1, 
1985. ` 

Cliff J. Huang: professor of economics, Vanderbilt 
University, September 1984. 

Paul W. Kuznets: professor of economics, Indiana 
University-Bloomington, July 1, 1985. 

Mark Machina: associate professor of economics, 


‘University of California-San Diego, July 1, 1984. 


Rebecca A. Maynard: vice president, deputy director 
of research, Mathematica Policy Research, Inc., Feb- 
ruary 1, 1985. 

Karl D. Meilke: professor of agricultural economics, 
University of Guelph, July 1985. 

Frank J. Navratil: professor of economics, John 
Carroll University, September 1, 1984. 

Lawrence Schwartz: technical manager, Mathtech, 
Division of Mathematica Consulting and Research, 
Arlington, VA, January 1985. 

_ Joel Sobel: associate professor of economics, Univer- 
sity of California-San Diego, July 1, 1984. 

Halbert White: professor of economics, University of 
California-San Diego, July 1, 1984. 

Arlington W. Williams: associate professor of eco- 
nomics, Indiana University-Bloomington, July 1, 1985. - 


Administrative Appointments 


Theodore Groves: chair, economics department, Uni- 
versity of California-San Diego, September 1, 1984. 
John A. Sawyer: acting dean, faculty of management 


studies, University of Toronto, July 1, 1985-June 30, 


1986. : 
New Appointments 


Gerald Y. Agbegha: visiting assistant professor of 
economics, John Carroll University, January 20, 1985. 


. 922 NOTES 


Ronald S. Blum, University of Wisconsin-Madison: 
visiting lecturer in economics, Indiana University- 
Bloomington, August 1985. 

Harris Dellas: assistant professor of economics, 
Vanderbilt University, August 1985. 

Edward A. Downe, St. John’s University: visiting 
assistant professor of economics, John Carroll Univer- 
sity, January 20, 1985. 

Joseph Grunwald, The Brookings Institution: presi- 
dent, Institute of the Americas, August 1984. 

Margaret E. Guerin-Calvert, Board of Governors of 
the Federal Reserve System: economist, Economic Policy 
Office, Antitrust Division, U.S. Department of Justice, 
January 1985. 

Masanori Hashimoto, University of Washington: 
professor of economics, Indiana University-Blooming- 
ton, August 1985. 

Helen H. Jenson, University of Maryland: visiting 
assistant professor of economics, Iowa State University, 
Spring 1985. 

David R. Johnson, Bank of Canada: assistant profes- 
sor of economics, Wilfrid Laurier University, July 1, 
1985. 

. Thomas Klitgaard: economist, Industrial Economies 
Division, International Research Department, Federal 
Reserve Bank of New York, October 3, 1984. 

Geoffrey Newman, University of Toronto: associate 
professor of economics, Drew University, September 1, 
1985. 

S. Wayne Passmore: economist, Banking Studies Di- 
vision, Banking Studies Department, Federal Reserve 
Bank of New York, August 29, 1984, 

Charles A. Pigott: research officer and senior 
economist, Research and Statistics Function, Federal 
Reserve Bank of New York, March 1, 1985. 

Kevin D. Salyer: instructor in economics, Vanderbilt 
University, August 1985, 

Joel Scheraga, Rutgers University: visiting assistant 
professor of economics, Princeton University, Septem- 
ber 1, 1985—July 1, 1986. 
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David Schirm, James Madison University: assistant 
professor of economics, John Carroll University, Sep- 
tember 1, 1984. 

Marilyn Skiles: economist, Developing Economies 
Division, External Financing Department, Federal Re- 
serve Bank of New York, December 17, 1984. 

Edward J. Sullivan: assistant professor of economics, 
Fordham University, September 1985. 

Antipol Bhanich Supapol, University of Western 
Ontario: lecturer, department of economics, Wilfrid 
Laurier University, July 1, 1985. 

Christopher J. Waller, Washington State University: 
lecturer in economics, Indiana University-Bloomington, 
August 1985. 

Laurence Weiss: associate professor of economics, 
University of California-San Diego, July 1, 1985. 

Timothy M. Weithers: assistant professor of econom- 
ics, Fordham University, September 1985. 

John D. Wilson, University of Wisconsin-Madison: 
associate professor of economics, Indiana University- 
Bloomington, August 1985. 

Wing T. Woo: assistant professor of economics, Uni- 
versity of California-Davis, July 1, 1985. 

Thomas J. Zlatoper, West Virginia University: John 
Carroll University and research associate, Regional Eco- 
nomic Issues Program, Cleveland Federal Reserve Bank, 
September 1, 1984. 


Leaves for Special Appointments 


Roy J. Gardner, Indiana University: Alexander von 
Humboldt Fellow, University of Bonn, 1985-86. 


Resignations 


Peyton J.Marshall III, assistant professor of econom- 
ics, Vanderbilt University, August 1985. 
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When sending information to the Review for inclusion in the Notes Section, use the following style: 


- A. Please use the following categories (please—do not send public relation releases): 


1— Deaths 

2— Retirements 

3—-Foreign Scholars (visiting the USA or Canada) 
4— Promotions 

5-—Administrative Appointments 


6—New Appointments 

7—Leaves for Special Appointments (NOT Sabbaticals) 
8—Resignations 

9— Miscellaneous 


B. Please give the name of the individual (SMITH, Jane W.), her present place of employment or enrollment: her 
new title (if any), new institution and the date at which the change will occur. 


C. Type each item on a separate 3X5 card. 
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All items and information should be sent to the Assistant Editor, American Economic Review, 169 Nassau Street, 


Princeton, NJ 08542-7067. 


“Don Lavoie's book will serve a very important function.” 
— F. A. Hayek, Nobel taureate 


NATIONAL ECONOMIC 
PLANNING: — Whats Left! 


Don Lavoie A Cato Institute Book . § 


Avoiding traditional labels of “conservative,” “liberal,” “libertarian,” 
or “radica,” NATIONAL ECONOMIC PLANNING argues 
with a‘strong social consciousness that liberal and radical 
arguments for national economic planning fail to solve two 
basic problems: coordination and knowledge. He shows how 


decentralized markets solve both, while no means exists for a 
central planner to elicit the information needed to coordinate a 
- complex, interrelated economy. 


’ NATIONAL ECONOMIC PLANNING shows why there is a pan anoe 
need for a scientific-radical perspective and why national 
economic planning is not the answer. The author systematically 
and thoroughly critiques far Left and Marxist positions as well 
as the more popular, centrist views of macroeconomic planning, 
economic democracy, and industrial policy. 


Constantly sensitive to the social concerns that have given weight to “radical” politics from 
Thomas Jefferson to Karl Marx, Lavoie demonstrates where and why the traditional policies 
of the Left have failed, why today’s liberal and even neo-conservative variations on 
economic planning cannot accomplish their goals, and what alternative policies can be 
implemented to create a prosperous and growing economy without sacrificing social 
concerns. 





“Lavoie’s superb study develops an immensely powerful case for the irrationality of national 
economic planning. It is distinctive in showing that conventional ideas of economic 
planning depend upon conceptions of human knowledge that are philosophically 
untenable. It will be of great interest to economists, political scientists, philosophers, and all 
those concerned with current trends in public policy.” 

— John Gray, Oxford University 


“A wide-randing interdisciplinary approach to the subject of knowledge and economic 


planning . . . Absorbing reading — Jennifer Roback, Yale University 
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prarcer NEW 
BOOKS wx: 


CUTTING 
— EDGE OF 


COMPETITION = CURRENT 
Dealing with Japan ECONOMIC 


Thomas Pepper, 


Merit E. Janow, and THEORY AND 


Jimmy W. Wheeler 

“.. .its analysis goes well beyond PRACTICE 
the superficial. The authors’ insight 

into Japanese economic, social, poli- 

tical, and cultural processes and how 

they affect high level policy making 

is particularly useful to those of us 

who strive for progress through 


iations.” —William E. Brock 
10. o meis s298. TEACHERS, 
ISBN 0-03-07 1049-9 UNIONS 
AND 
ONE WORLD 


CHANGE 
ONE FUTURE , Comparative 


New International Study 








Strategies for Dorothy Kerr Jessup 
Development 256pp. May1985 $33.95 


ISBN 0-035-002858-2 


edited by Ashok Bapna 
A collection of essays by eminent 
scholars throughout the world 
368 pp. August1985 $42.95 
ISBN 0-03-004963-6 
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THE ROOTS RECON- 

OF SUCCESS STRUCTING 
Why Children MARXIAN 
Follow in Their ECONOMICS 


Parents’ Career 


Footsteps Marx Based Upon a 


David N. Laband and Sraffian Commodity 
Bernard F. Lentz Theory of Value 

192 pp. May 1985 $25.95 Spencer J. Pack 

ISBN 0-03-070451-0 176pp. ` April1985 >` $29.95 


ISBN 0-03-003092-7 


DEBT TRAP PAPER 
Rethinking the PROPHETS 
Logic of A Social Critique of 


Development. Accounting 
Richard W. Lombardi Tony Tinker 





240 pp. March 1985 $32.95  256pp. April 1985 $19.95 
ISBN 0-03-003007-2 ISBN 0-03-001657-6 
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Tender Offer — Reactive Risk and 


The Sneak Attack Rational Action 
_in Corporate Takeovers l Managing Moral Hazard 
DORMAN L. COMMONS in Insurance Contracts 
Foreword by EARL CHEIT CAROL A. HEIMER 


“A wonderful description of the anatomy of a 
take-over written by one of its main participants. 
It should be of interest to anyone wanting to 

_ find out what take-overs are all about.” —Felix 
Rohatyn, Senior Partner, Lazard Freres & Co. 
“Tender Offer is both readable and sage. Com- 
mons has much to say on how a responsible 
chief executive responds to a hostile takeover 
bid. For anyone who has been through a take- 


over, it will ring true. For anyone who may face probabilities so that the odds will not change 
Shapiro Forner O af the me JE ig i once a course of action has been charted. 
dupont de Nemours & Company Incorprated $30.00 
$14.95 


Heimer analyzes how rational actors make 
choices when faced with “reactive” risks. Focus- 
ing on fire insurance, marine insurance, and 
fidelity and surety bonding, the author studies 
contracts, rating and underwriting, loss- 
prevention programs, and fraud prevention. She 
concludes that in addition to gathering infor-> | 
mation about the chances of loss or gain, actors 
confront reactive risks by trying to stabilize 


At bookstores or call free 800-UC BOOKS/800-822-6657 
UNIVERSITY OF California PRESS Berkeley 94720 


The Long Awaited Sequel to the Modern Classic 
Markets and Hierarchies... 


THE ECONOMIC INSTITUTIONS OF 
CAPITALISM Firms, Markets, Relational Contracting 


OLIVER E. WILLIAMSON, Yale University 


In the most comprehensive treatment of “For a historian concerned with the evolution 
economic organization yet attempted, of modern institutions this is the most 
Williamson develops and extends the valuable book written by an economist since 
transaction cost economics of Markets those of Joseph Schumpeter.’—Alfred D. 


and Hierarchies. Applying it to a wide ee eee University, Author of 


range of institutions—from labor and eer 

: _ “MUST READING...an extraordinarily im- 
Pp n EE o ee ee pressive achievement...A comprehensive and 

| corporate gove licati d Stimulating presentation of the theory and 
explores its growing implications an applications of a new institutional economics 
potential influence on public policy, that is changing the way we think about many 
including antitrust and merger guide- issues in law, economics and organization... 
lines, labor policy, and SEC and public Will have profound effects.”—Paul L. Joskow, 
utility regulations. Massachusetts Institute of Technology 


400 pages #934820 $25.00. 


To charge by phone to your VISA or MasterCard call TOLL-FREE 1-800-257-5755 
(in NJ, AK, or HI dial direct 1-609-461-6500) 


tel THE FREE PRESS 


A Division of Macmillan, Inc. * 866 Third Avenue, New York, NY 10022 
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New from Rowman & Allanheld... 


The Monetary vs. Fiscal Policy Debate 


Lessons from Two Decades 


R.W. Hafer, ed. A definitive summary of an impor- 
tant chapter in 20th century economic theory, 
with contributions by K. Brunner, B. McCallum, 
J. Buchanan, J. Taylor, A. Blinder, and R. Gordon. 
Studies in Monetary and Macroeconomic Theory 
and Policy Series. Fall 1985 / ca $46.50 


The Economics of the 
Industrial Revolution 


Joel Mokyr, ed. Brings together some of the best 
articles by economists on the subject in the past 
ten years. “An excellent volume.”—S.L. Engerman, 
Univ. of Rochester. 1985 / 288 pp. / $34.50 / 
$15.95 paper 


Ethics, Efficiency, and the Market 


Allen Buchanan. A critical synthesis on the role of 
the market as a basic institution of social organiza- 
tion. “A welcome dose of common sense and care- 
ful reasoning.”"—R. Hardin, Univ. of Chicago. 
Rowman & Allanheld Texts in Philosophy. 1985 / 
152 pp. / $24.50 / ca $10.95 paper 


The Impact of Inflation on Financial 
Activity in Business 
_ With Applications to the U.S, Farming Sector 


Yaaqov Goldschmidt, Leon Shashua, Jimmye 
S. Hillman. A significant contribution to our under- 
standing of financial analysis in an inflationary 
environment. Emphasized is the often misunder- 
stood role of interest rates. Fall 1985 / ca $35.00 


Reconceiving Part-Time Work 


New Perspectives for Older Workers and Women 
Hilda Kahne. A unique study of older workers and 
the programs designed for their special needs. 
Much of the information is drawn from the experi- 
ences of trade unions, and from major corporations. 
Fall 1985 / ca $32.50 


Valuing Public Goods 

An Assessment of the 

Contingent Valuation Method 

Ronald C. Cummings, David S. Brookshire, William 
D. Schulze, eds. The first comprehensive account 
of our most important method of weighing non- 
economic values against economic benefits is also 
a valuable study in the process of evaluating 
scientific progress. “Invaluable both in practice 
and as a basis for further research.”—K.J. Arrow, 
Stanford Univ. Fall 1985 / ca $54.50 


American Medicine 
The Power Shift 
Eli Ginzberg. Confronts the problems facing the 


American health care system and attempts to 
identify preferred solutions. Fall 1985 / ca $32.50 


from Barnes & Noble... 


Great Economists Since Keynes 


An Introduction to the Lives and Works of 

100 Modem Economists 

Mark Blaug. “These lightly written but seriously 
conceived vignettes are admirably fair and judi- 
cious without being obsequious.’—A. Heifbroner. 
1985 / 288 pp. / $32.50 


Mathematics for Modern Economics 


Chris Birchenhall and Paul Grout. Building on the 
traditional framework of calculus, the notion of a 
concave function is used to link the new algebraic 
methods with the more familiar graphical approach 
— and to introduce the modern use of duality in 
economic analysis. 1985 / 320 pp. / $32.50 / 
$20.00 paper 


The Business Cycle after Keynes 

A Contemporary Analysis 

A.W. Mullineux. This supplementary textbook 
covers the multiplier-accelerator theory of the busi- 
ness cycle and modern contributions to the busi- 


ness cycle literature pertaining to political and 
equilibrium theories. 1984 / 160 pp. / $23.50 


Rowman & Allanheld 
81 Adams Drive 
Totowa, New Jersey 07512 
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Providing an in-depth : 
__perspective of N p : 
economic\ |--O) 2 
THEORIES 





Asymptotic Theory for Econometricians 
2 HALBERT WHITE i 
1984, 228 pp., $43.00/ISBN: 0-12-746650-9 
In the ECONOMIC THEORY, ECONOMETRICS, 
AND MATHEMATICAL ECONOMICS Series... 


Devoted solely to large sample theory for economists and.econometricians, this work is a collection of 
results previously scattered throughout the statistics and econometrics literature. New results.are also 
given that apply to time-series, cross section and longitudinal data for single equations as well as 
systems of equations. State-of-the-art techniques are introduced and the author provides a comprehen- 
sive and unified treatment of statistical estimation and inference in large samples of data. 


To obtain a copy of Asymptotic Theory for Econometricians on approval, address your request to 
the attention of the Sales Department and give the title and estimated enrollment of your course. 


The Second Paycheck 
A Socioeconomic Analysis of Earnings. 
ALICE NAKAMURA and MASAO NAKAMURA 
June 1985, 487 pp., $38.00/ISBN: 0-12-513820-2 


In the STUDIES IN LABOR ECONOMICS Series... 


CONTENTS: Introduction. Methodology and Data. Estimation Results For Our Inertia Model. Compari- 
sons of Our inertia. Mode! With Various Simpler Models. Previous Work Experience. Sensitivity of Our 
Simulation Results for Wives to Changes in Their Circumstances. Unemployment. Conclusions. Refer- 
ences. Author Index. Subject Index. 


Economic Theory and the Cities 
2nd Edition . ` 
J. VERNON HENDERSON 
June 1985, 288 pp., $45.00/ISBN: 0-12-340352-9 


In the STUDIES IN URBAN ECONOMICS Series... 


CONTENTS: Spatial Equilibrium and the Spatial Characteristics of a Simple City. An Aggregative Model 
of a Simple City. Extensions of the Basic Spatial Model. Basic Housing Models. Housing Topics: Utilizing 
the Basic Model. Other Housing Topics. Transportation and Modal Choice. Transportation and the 
Peak-Load Problem. Issues in Urban Public Economics. Provision of Local Public Services and the 
Tiebout Model. The System of Cities in an Economy. The Efficient Allocation of Resources in a System 
of Cities. References. Index. ` 


Urbanization in the World-Economy 


Edited by 
MICHAEL TIMBERLAKE : 
June 1985, 408 pp., $46.50/ISBN: 0-12-691290-4 
In the STUDIES IN SOCIAL DISCONTINUITY Series . . . 


This text begins with a discussion of how a world-system theory of urbanization differs from other 
approaches. This is followed by a discussion of theoretical issues involved in the world-system approach. 
The fina! section of the book consists of empirical studies which use this theoretical perspective to 
shed light on urbanization patterns either within selected countries or globally. 


Academic Press, Inc. 
{Harcourt Brace Jovanovich, Publishers) - Orlando, Florida 32887, U.S.A. - 24/28 Oval Road, London NW1 7DX, U.K. 





Orlando San Diego New York London Toronto Montreal Sydney - Tokyo 


For Fastest Service CALL TOLL FREE 1-800-321-5068. To Place An Order From Florida, Hawaii, Or Alaska CALL 
1-305-345-4100. In The U.K. CALL (01) 300-0155. Credit Card Orders Only. Send payment with order and save postage 
and handling. Prices are in U.S. dollars and are subject to change without notice. 08095 
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CHICAGO 


The Power Structure of 
American Business 

Beth Mintz 

and Michael Schwartz 

Mintz and Schwartz open up the recent 
history and dealings of major firms and 
pinpoint the true powerholders and sources 
of competition. Through detailed 
descriptions of corporate case histories 
(Pan American and Braniff Airlines, A & P, 
Chrysler, and more), they show that 


financial firms, in particular money market . 


commercial banks, stand at the peak of a 
hierarchical power structure. 

-` “A long-needed and richly detailed 

- analytic portrait of the special powers of 
the nation’s banks as they shape the 
decisions of America’s industrial firms.” 
— Michael Useem, Boston University 
(author of The Inner Circle) 

Cloth $27.50 352 pages 


U.S. EXPORTS AND IMPORTS AS 
PERCENT OF TOTAL WORLD TRADE 
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The U.S. Economy 
in the 1950s 
Harold G. Vatter 


Concentrating on “major spending 
streams” as determinants of the rate of 
economic development, Vatter studies not 
only macroeconomic issues but the 
individual institutions that fed the economy 
of the 1950s. First published in 1963, this 
book remains the best single economic 
profile of the period. 

Paper $12.00 320 pages 








New Studies 

in Philosophy, Politics, Economics and 
the History of Ideas 

Friedrich A. Hayek 

This selection of Hayek’s recent essays 
and lectures covers a wide range of 
subjects but is united by a common 
philosophical approach. Also included are 
Hayek’s contributions to the debate on 
inflation, a historical and systematic 
account of liberalism, and the Nobel 
Memorial Lecture delivered in Stockholm 
in 1974. 

Paper $12.50 322 pages 


The Soul of Modern 


Economic Man 

ideas of Self-interest, 

Thomas Hobbes to Adam Smith 

Milton L. Myers 

“Milton Myers deserves congratula-tions 
for producing this concise, insightfui, and 
highly readable account of the intellectual 
origins of capitalist economics.” — Annals 
Paper $6.95 158 pages 


The University of CHIC AGO Press 


5801 South Ellis Avenue, Chicago, IL 60637 ] 
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eRe e e 

General Equilibrium Analysis 
Studies in Appraisal 
E. Roy Weintraub 

What is the nature of the intellectual enterprise—general equilibrium analysis—that so 
many economists regard as the centerpiece of their discipline? Roy Weintraub considers both 
the modern history of the analysis, and the methodological puzzles that it, and mathemati- 
cal economic theory in general, pose. 


Historical Perspectives on Modern Economics 
$24.95 cloth 


The Theory of Public Utility Pricing 
Stephen Brown and David Sibley ` 


Debate about deregulation has focused considerable attention on the pricing policies of 
public utilities. Much work has been done by economists on the subject, and in this book, Bell 
Communications researchers Stephen Brown and David Sibley present the results of that 


research and make it accessible to students of economics. 
about $32.50 cloth about $9.95 paper. 


e e e è 
Social Goals and Social Organization 
Essays in Memory of Elisha Pazner 
Editors: Leonid Hurwicz; David Schmeidler, Hugo Sonnenschein 
A preface by Leonid Hurwicz gives a systematic account of the development of the litera- 
ture on mechanism design, provides a context for the surveys and the six published papers 


authored or coauthored by Elisha Pazner that complete the book and demonstrates Pazner’s 
contributions to the study of economic mechanisms. 


about $39.50 cloth 


In Defense of Organization Theory 
A Reply to the Critics 


Lex Donaldson 


“Finally, the battle of competing perspectives in organizational theory has been raised to 
a higher level of debate. For a decade now critics of organizational theory have been mak- 
ing simple-minded arguments about the viability of any theoretical enterprise and particu- 
larly structural or contingency perspective. Donaldson masterfully reviews the many arguments 
and notes their weaknesses. It is a superb job and one | recommend to any serious student 
of organizations.’ —Jerald Hage, Professor of Sociology and Director of the Center for Inno- 
vation, University of Maryland 
about $49.50 cloth about $17.95 paper 


Longitudinal Analysis of Labor Market Data 


Editors: James J. Heckman and Burton S. Singer 

This volume presents a set of original papers by leading scholars on new methods for 
analyzing the longitudinal data that is now becoming available and is of interest to social 
scientists. l 

Because many new sources of longitudinal data record labor market phenomena, such 
as unemployment, labor supply, earnings mobility, job turnover and participation in training 
programs, all of the papers in this volume focus on models of the labor market. The main 
methodological points made, however, are more general and do apply to diverse areas of 


research such as demography, life course analysis, and training evaluation. 
about $49.50 cloth 
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Managing the Service Economy 
Robert P. Inman, Editor 


The contributors to this volume agree that services are replacing manufacturing as the 
employment base in most advanced economies, and their essays provide valuable insight 
into the causes, problems, and prospects of this transition. 

Commissioned for the Wharton-ARA Conferénce on the Service Economy, this collection 
examines the rise of the new economic order in the American, Japanese, and international 
economies, and the future and potential of the service sector. This volume concludes with an 
agenda for future research and the policy of the service economy. 
about $39.50 cloth 


Now in paperback 


Mathematics for Economists 


An Integrated Approach 
E. Roy Weintraub 

This book sets out to strengthen the reader’s grasp of the mathematical techniques used 
in economics. Professor Weintraub’s clarity of exposition and avoidance of the definition- 
theorem-proof style emphasizes the idea of linearity, encouraging the reader to develop 
geometric intuition for mathematical results. He begins with real numbers and functions and 
takes the reader to the point of understanding optmization arguments and analyses. He con- 
cludes with a discussion of classical, nonlinear, and linear programming. 
about $9.95 paper 


Now in paperback 
Money and Value 


A Reconsideration of Classical and Neoclassical Monetary Theories 
Jean-Michel Grandmont 
“For this effort Grandmont should be praised because he has opened up an area of 
the literature which by its nature was previously restricted to a very narrow audience.” 
—Journal of Economic Literature 
.. .a beautifully written book. There is hardly a subject the author touches on that he 
does not enhance with the clarity and elegance of his exposition. Though it places much less 
emphasis on mathematical technique, the book stands comparison with the classic texts of 
Debreu (1959) and Hildenbrand (1974). . .Grandmont’s pioneering work has allowed others 
to see more clearly what needs to be done and how to do it. For this he deserves the admi- 
ration and gratitude of all economists.’’—Journal of Political Economy 
Econometric Society Monographs 
about $14.95 paper 


All prices subject to change. Order from your bookstore or call our Customer Service 
at 1-800-431-1580 (outside New York State and Canada). MasterCard and Visa accepted. 


Cambridge University Press 
32 East 57th Street, New York, NY 10022 
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FINANCIAL REFORM 
IN THE 1980s 
by Thomas F Cargill and Gillian Garcia 


Since 1979, the American financial system 
and the conduct of monetary policy have 
undergone significant restructuring, The four 
most significant reforms are: the announce- 
mentin October 1979 that the Federal Reserve 
was changing its operating strategy; the 
announcement the following February that the 
money supply was redefined; the Depository 
Institutions Deregulation and Monetary Con- 
trol Act (DIDMCA) of 1980; and the Garn-St. 
Germain Depository Institutions Act of 1982. 

These reforms are as sweepingas those of the 
Great Depression in their effect on the finan- 
cial system and the conduct of monetary policy. 

This study provides a detailed review and 
analysis of the major changes through early 
1984. The financial reforms of the 1980s are 
placed in historical context by reviewing the 
major objectives of financial regulations, the 
history of American financial reform, 
beginning in 1776, and the forces thatemerged 
in the 1960s and 1970s that have generated the 
recent reforms. 

Reviews of Cargill and Garcia’s previous 
study, Financial Deregulation and Monetary 
Control: Historical Perspective and Impact of the 
1980 Act. 

“A book to recommend” — Michael Klein, Jour- 
nal of Money, Credit and Banking. 

“An authoritative, stimulating, and lucid discus- 
siort of the most significant piece of banking 
legislation since the 1930s” — Choice 

$19.95 June 14,1985 212 pp.0-8179-8131-4 


$10.95 June 14, 1985 
212 pp. 0-8179-8132-2 paper. 


HOOVER INSTITUTION PRESS 


HOOVER INSTITUTION PRESS 





THE FLAT TAX 
by Robert E. Hall and Alvin Rabushka 


Inhis 1985 State of the Union Address, Presi- 
dent Reagan called for tax simplification, call- 
ing it a “giant step toward unleashing the 
tremendous pent-up power of our economy,” 

The tax simplification plan presented in The 
Flat Taxis “radical, yet thoroughly practicable” 
according to Nobel Laureate Milton Friedman, 
and is “one of the most detailed proposals? 
according to the Director of the Congressional 
Budget Office. 

The Hall-Rabushka plan has one basic prin- 
ciple: “income should be taxed exactly once, 
as close as possible to the source of that 
income”; and a corollary: business and indiv- 
idual income taxes must be integrated. 

The authors develop the mechanics, feasibil- 
ity, and economic impact of the Hall-Rabushka 
plan with examples, including the impact of 
their plan upon investment incentives, trans- 
national businesses, interest rates, and 
charitable contributions. 

The Hall-Rabushka proposal is one of a 
number of tax-reform proposals currently 
under debate. The last chapter of The Flat Tax 
presents four other proposals (Bradley- 
Gephardt; Kemp-Kasten; The Brookings Insti- 
tution plans; and a value-added tax scheme) 
and explains how the authors’ plan is superior 
to each. f 


$795 February 1, 1985. 
134 pp. 0-8179-8222-1 paper 







STANFORD UNIVERSITY ° STANFORD, CA 94305 ® (415) 497-3373 


Chargecard orders accepted by telephone. 
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NORTH-HOLLAND 


Transborder Data Flows 


Proceedings of an OECD Conference 
held December 1983 


Edited for the OECD by HANS-PETER 
GASSMANN, Head of the Division on Informa- 
tion, Computer and Communications Policy, 
OECD, Paris, France. 


1985. xiv + 504 pages. US $74.00/Dł1. 200.00. 
ISBN 0-444-87700-2 





New Challenges for 
Management Research 


Edited by A.H.G. RINNOOY KAN, Econometric 
Institute, Erasmus University, Rotterdam, The 
Netherlands 


ADVANCED SERIES IN MANAGEMENT, Volume 9 


1985. 192 pages. US $35.25/Dfl. 95.00 
ISBN 0-444-87709-6 





Strategic Vs. Evolutionary 
Management 


An U.S.-Japan Comparison of 
Strategy and Organization 

by T. KAGONO, |. NONAKA, K. SAKAKIBARA 
and A. OKUMURA, Japan. In collaboration 


with: S. SAKAMOTO and K. JOHANSSON, 
U.S.A. 


ADVANCED SERIES IN MANAGEMENT, Volume 10 


1985. xli +328 pages. US $46.00/Dfi. 150.00 
ISBN 0-444-87754-1 





Optimal Control Theory 
and Economic Analysis 2 


Second Viennese Workshop on 
Economic Applications of Control 
Theory held in Vienna, 16-18 May 
1984 


edited by GUSTAV FEICHTINGER, institute for 
Econometrics and Operations Research, 
University of Technology, Vienna, Austria 


1985. xxiv + 662 pages. US $60.00/Dfl. 200.00 
ISBN 0-444-87688-X 


ELSEVIER SCIENCE PUBLISHERS 


P.O. Box 211, 1000 AE Amsterdam, The Netherlands 


For customers in the U.S.A. and Canada: 
ELSEVIER SCIENCE PUBLISHING CO., INC. 
P.O. Box 1663, Grand Central Station, New York, N.Y. 10163 
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Transborder Data Flows - how they are used, === 
their role in the international economy, the = 
legal issues they raise and the obstacles = 


they confront, are the topics around which 
this book is organized. Representatives 

of the government, public and industry, 
including major telecommunications users, 
international organizations and business 

and industry representatives made their 
observations on TDF. Full reports on the three 
main sessions of the conference, are also 
included. 


= 





This book contains ten contributions by 
leading experts in the area of management 
research. Each chapter deals with research 
challenges in a particular field of specializa- 
tion. The fields covered are accounting, 
marketing, finance, operations research, infor- 
mation systems, organizationat behaviour, 
strategy, industrial economics, bargaining and 
negotiation, and management of the public 
sector. The book as a whole provides a unique 
perspective on an area in rapid development 
that continues to be inspired by the permanent 
confrontation of management theory with 
Management practice. 


In this book the strengths and weaknesses of 
typical U.S. and Japanese companies are 
identified and two different models of organiza- 
tional adaptations (rational-strategic and 
organic-evolutionary) are proposed on the 
basis of a quantitative comparison of the 
largest 1,000 firms both in the U.S. and Japan. 
Strategies, organizational structures and 
management processes of large corporations 
in the U.S. and Japan are compared. 


in the last twenty years, optimal contro! theory 
has provided a useful framework for the 
analysis of intertemporal economic decision 
processes. 

This volume contains papers that analyze 
some control-theoretic models in economics 
and management. The main topics of the book 
are: marketing mix models (pricing, advertising 
and quality), investment and finance, dynamics 
of the firm, differential games, economic 
modelling and econometrics. Some new 
theoretical results on the maximum principle 
are presented. The level of mathematical 
rigour is high, though the survey character of 
some of the papers provides a good introduc- 
tion to a growing branch of applied optimal 
control. 
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ECONOMETRIC SOFTWARE 
FROM TSP 


TSP” 4:0: agreatly enhanced edition of the Time Series Processor software package, in 
use at over 650 sites worldwide. The new release features 


e Convenient data manipulation for time series and cross section data; full miss- 
ing value capabilities. 

e All standard econometric techniques, ordinary least squares, two and three- 
stage least squares, polynomial distributed lags, autoregressive correction. 
Nonlinear estimation for single and multi-equation models. 

Forecasting and solution of simultaneous models. 

Box-Jenkins identification, estimation, and forecasting. 

Databank facility for IBM, Vax, Prime, and Univac computers. 

Many other features such as matrix algebra which makes TSP acomplete pro- 
gramming language for econometric problems. 


RATS : a complete package for vector autoregressive models of time series, written by 
Litterman and Doan of VAR Econometrics. It features.the estimation 4nd simulation of 
VAR and ARIMA models, as well as a powerfu! set of spectral analysis techniques. 


PROBIT : for the binary probit model. 
MLOGIT : for the multinomial or conditional logit model. 


TSP International 928 Mears Court. Stanford. CA 94305, (415) 326-1927 


New 


Modelling Investments in the World Copper Sector 
By ALFREDO DAMMERT and SETHU PALANIAPPAN 


This book presents a mathematical programming approach to investment analysis in the 
copper industry on a worldwide basis. 


Covering mining and fabrication, the study takes into account the main interrelation- 
ships in the world copper industry and probes the optimal location, size, and timing of 
new investments. 


This significant work is important reading for all economists, investors, and analysts 
concerned with mineral resources. 


$20.00 hardcover ISBN 0-292-79026-0 


Also of interest 


The United States and the Global Struggle for Minerals 
By ALFRED E. ECKES, JR. 
$20.00 hardcover ISBN 0-292-78506-2 $9.95 paperback ISBN 0-292-78511-9 


Free shipping on prepaid orders. 


h> University of Texas Press 


BOX 7819 AUSTIN, TEXAS 78713 
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New and noteworthy texts. 


Lectures on International Trade 
Jagdish N. Bhagwati and T. N. Srinivasan 
“This textbook should become a standard reference for students, 
teachers, and researchers alike. its coverage is comprehensive 
indeed. Topics are treated in depth and with accuracy.” 
~Richard A. Brecher, Carleton University $24.95 


Now available in paperback 
Sources of International Comparative Advantage 


Theory and Evidence 

Edward E. Leamer 

This book fully articulates the Heckscher-Ohlin theory of international 
comparative advantage. “Leamer’s new book represents one ofthe 
most serious attempts at linking economic theory with observations 
that | have ever encountered.” -Jan Kmenta, University of Michigan 


$12.50 paper 

Power, Passions, and Purpose 
Prospects for North-South Negotiations 
edited by Jagdish N. Bhagwati and John Gerard Ruggie 
“What is the appropriate global negotiating strategy for southern 
nations? The answer proposed in this timely and authoritative collec- 
tion of 12 essays will surprise those accustomed to the strident rhetoric 
that often surrounds north-south discussions.” 

~Kyle Crichton, The New York Times Book Review $12.50 


Macroeconomics after Keynes 


A Reconsideration of the General Theory 
Victoria Chick 


“A provocative and interesting piece of work. . . [Chick's] readers will be 
led, and frequently helped, to think about serious issues of macroeco- 
nomic theory.’ —Robert Solow, Journal of Political Economy 

- $13.95 paper 
Original in Paperback 
New Developments in the Analysis of 
Market Structure 
edited by Joseph E. Stiglitz and G. Frank Mathewson 


Those contributions discuss a number of important developments over 

the past decade in a newly established field of economics that have led 

to notable changes in views on governmental competition policies. 
$13.50 paper (cloth, $37.50) 


Folded, Spindled, and Mutilated 


Economic. Analysis and U S. vs IB 
Franklin M. Fisher John d. Me ora. and Joen E. Greenwood 


“A rigorous analysis of competition in the computer industry.” 
—Edwin McDowell, The New York Times $9.95 paper 


\. 28 Carleton Street- Cambridge, MA 02142 THE MIT PRESS J 
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“Itis hard to 
conceive of a 
more pleasant 
or painless 

way of imbibing 
sound economic 
principles 

than reading 

this fascinating, 
absorbing, and 
well-written 
mystery story” 
—Milton Friedman | 







































The authors aboard the QE2 ` 


The Fatal Equilibrium 


Marshall Jevons 


Dennis Gossen is dead and his fiancée, Melissa Shannon, is 
indicted for murder. From the streets of Cambridge to the decks 
of thé Queen Elizabeth It, Henry Spearman, Professor of Eco- 
nomics at Harvard, unravels the clues in this foul play. And 
once again Marshall Jevons, author of Murder at the Margin, 
invites his readers to solve a mystery while learning about eco- 
nomics and about how economists think. 










“The Fatal Equilibrium is a deft portrayal of sinister goings-on 
in academe, nicely seasoned with insights into the ‘dismal 
science’ of economics. | enjoyed it thoroughly? 








—Michael M. Thomas, author of 
Green Monday, and Hard Money 











$10.95 
28 Carleton Street 
Cambridge, MA 02142 


C THE MIT PRESS 


Please’ mention THe American Economic Review When Writing to Advertisers 





























ve" The Structure and Reform of the U.S. Tax Syste 


Albert Ando, Marshall E. Blume, and Irwin Friend 


` The structure and reform of the U.S. tax system is one of today’s most hotly debated 
issues. This book provides a clear description of where the system stands today and 
how it evolved. Most importantly, it outlines the principles by which a tax system 
should be designed and assesses current flat-tax and consumption-based proposals 
for tax reform in terms of whether they measure up to these principles. 
$14.95 


ne The Gathering Crisis in Federal 


Deposit Insurance 
Edward J. Kane 


The system of federal deposit insurance adopted during the 1930s has become 
increasingly costly and unreliable. This timely study warns bankers, regulators, 
politicians, and taxpayers that no matter how well the deposit-insurance system 


may have run in the past it is headed for an expensive bureaucratic breakdown. Kane ` 


discusses FDIC and FSLIC policies and procedures, describes the variety of risks 
facing deposit institutions and their implications for the insurance system, docu- 
ments the extent of actual insolvency at insured institutions, and proposes a frame- 
work for reform. Regulation of Economic Activity Series, edited by Richard 
Schmalensee. 

$14.95 | 


Market Structure and Foreign Trade 
Increasing Returns, Imperfect Competition, and the 
- International Economy 


Elhanan Helpman and Paul R. Krugman 


Relating current theoretical work to the main body of trade theory, this book offers 
entirely new material on contestable markets, oligopolies, welfare, and multinational 
corporations, and new insights on external economies, intermediate inputs, and 
trade composition. 

$22.50 


A Game-Theoretic Approach to Political 
Economy 
Martin Shubik 


Volume two of Game Theory in the Social Sciences 
$47.50 
Available in paperback 


Game Theory in the Social Sciences 
Concepts and Solutions 


Martin Shubik 


Winner of the 1983 Frederick W. Lanchester Prize, awarded by the Opera- 
tions Research Society of America for “the most important presentation and 
unification of game theory since the publication of Games and Decisions by 
Luce and Raiffa . . . . In addition, the book has a wide perspective, a refresh- 











ing and vigorous expository style, and provides many new insights.” 
$11.95 i 
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“We love Baumol and Blinder, but we’ve got to 
` have 2 volumes.” 
Instructors across America 


| ey ares 
WME TLAAL MAE 


The most successful Principles of Economics 
textbook of the past decade is available now —for 
the first time—in a two-volume format. 


MACROECONOMICS MICROECONOMICS 


Principles and Policy Principles and Policy 
William J. Baumol and William J. Baumol and 
Alan S. Blinder Alan S. Blinder 
Paperbound/21 chapters/1986 Paperbound/27 chapters/1986 
CONTENTS: CONTENTS: 
From Baumol-Blinder, From Baumol-Blinder, 
Principles of Economics, Principles of Economics, 
Third Edition: Chapters 1-17 Third Edition: Chapters 1-4, 
and 36-39 18-36, and 40-42 
- Coming in BE... 
MACROECONOMICS . 
Laurence S. Seidman 
An important new text reflecting thes macroeconomic priorities of the 1980's s: 
Eleven core chapters augmented by five chapters providing indepth coverage of 
specific topics, such as consumption and. investment and money, banking, and the 


Federal Reserve. 
Hardcover/ 608 pages (tentative) / 1986 


Please mail this coupon to the San Diego address. 
‘ PLEASE SEND ME AN EXAMINATION COPY OF 
O MACROECONOMICS: Principles and Policy 
£O MICROECONOMICS: Principles and Policy 
SNAME o en e a oR Dr 
DEPARTMENT ~—— CU SCHOOL 
CITY — e TAT 
For further information, please write: 
Orar HARCOURT BRACE JOVANOVICH, PUBLISHERS 
Lho j College Department 
YV 1250 Sixth Avenue, San Diego, CA 92101 
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TODAY’S TEXTS FOR TOMORROW'S DECISION MAKERS 
Quantitative Decision Making 


by Guisseppi A. Forgionne (Bucknell University and California State 
Polytechnic University) 

Forgionne's new text will give your students a sound conceptual understanding 
of the role of quantitative analysis in the decision-making process. How? By-pro- , 
viding an intuitively appealing presentation of all quantitative tools and topics that 
emphasizes concepts rather than mechanical manipulation and focuses on the 
practical and applied. Numerous realistic examples plus insights into the “marriage” 
of management science and computer-based information systems gear this text to 
the needs of future managers. 
Approximately 750 pages. Casebound. Available January 1986. 


Basic Statistics in Business and 
Economics, Fourth Edition 


by George W. Summers (Arizona State University), William S. Peters 
(University of New Mexico), and Charles P Armstrong (University 
of Rhode Island) 

The powerful text that teaches students how to apply the power of statistical 
techniques. Consider these solid features: (1) an emphasis on applications that 
links realistic business situations with apt examples and exercises, (2) an intuitive 
approach to concepts that clarifies topics such as hypothesis testing and 2-way 
ANOVA, (8) extensive data sets and computer problems, and (4) a solid support 


system that includes print and electronic supplements for students and instructors. 
848 pages. Casebound, February 1985. 


Economics of the Energy Industries 


by William Spangar Peirce (Case Western Reserve University) ` 

How do our various types of energy industries operate in today's business 
environment? Peirce helps students find the answer by analyzing the numerous 
economic factors (such as markets, consumption, and production) as well as the 
policy considerations that affect not only gas and oil, but also the coal, electric 
utility, nuclear power, and alternate energy industries. Current industry surveys 
appear throughout the text. 
Approximately 300 pages, Paperbound. Available September 1985. 


ALSO OF INTEREST... 





MANAGERIAL ECONOMICS 
by Steven T. Call (Metropolitan State 
College and University of Colorado/ 
Denver) and William S. Holahan 
(University of Wisconsin/Milwaukee) 
INTERNATIONAL ECONOMICS, 
Second Edition 

by Robert J. Carbaugh (University of 
Wisconsin/Eau Claire) 
COMPARATIVE ECONOMIC 
SYSTEMS, Second Edition 

by John E. Elliot (University of 
Southern California) 





THE ECONOMICS OF 
DEVELOPING COUNTRIES 
by E. Wayne Nafziger (Kansas State 
University) 


For more information on these texts, 
write Stephanie Surfus, Economics and 
Decision Sciences Editor, at 


WY WADSWORTH 
\\ PUBLISHING COMPANY 


Ten Davis Drive 
Belmont, CA 94002 
415/595-2350 
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5 Texts from Lexington Books 


The U.S. Economy Demystified 
What the Major Economic Statistics Mean and Their Significance for Business 
Albert T. Sommers, The Conference Board 

“Students could not find a better guide to lead them through the confusing 
maze of statistics, forecasts, diagnoses and prescriptions.’'—James Tobin 
ISBN 0-669-09821-3 160 pages $8.95 


The Price of Industrial Labor 
The Role of Wages in Business Cycles and Economic Growth ' 
James E. Annable, Jr., The First National Bank of Chicago 

This book takes a new look at the microeconomic foundations of 
macroeconomics. 
ISBN 0-669-09781-0 272 pages $15.00 


The Future of the International Monetary System 
Tamir Agmon, Tel-Aviv University, Robert G. Hawkins, and Richard M. Levich, 
New York University, editors 

In this book, a number of leading scholars and policymakers provide an in- 
depth analysis of current problems in the international monetary system. 
ISBN 0-669-09783-7 320 pages $15.00 


Industrial Policies for Growth and Competitiveness 

An Economic Perspective 

F. Gerard Adams and Lawrence R. Klein, editors, University of Pennsylvania and 
Wharton Econometric Forecasting Associates, Inc. 

A high-level examination of industrial policies at home and abroad that 
provides keen insight into how to develop remedial policies to pana US. 
industry. 

ISBN 0-669-10920-7 448 pages $16.95 


Instead of Regulation 
Alternatives to Federal Regulatory Agencies 
Robert W. Poole, Jr., the Reason Foundation 

“This book ts a sure-fire antidote to regulatory fever — authoritative, lucid, 
crammed with both evidence and attractive alternatives.’’—Milton Friedman 
ISBN. 0-669-06168-9 416 pages $13.00 


Lexington Books Sample Copies ; 

D.C. Heath & Company To receive a sample copy, write to us DC Heath 
125 Spring Street on department stationery, specifying A Waythoda Comin 
Lexington, MA 02173 course title, term taught, and estimated 

(617) 860-1204 enrollment. 
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Lexington Books 


Banks, Thrifts, and Insurance Companies Surviving the 1980s 
Alan Gart 

“Alan Gart is a steady guide through the regulatory maze and he skillfully illuminates 
the interplay of business strategy, competitive pressures, and public policy. A stimulating, 
even exciting, tour de force.” —David C. Melnicoff, Former Executive Vice President, 
PSFS, Visiting Professor of Finance, Temple University 
ISBN 0-669-09374-2 160 pages $19.95 


Unnatural Monopolies The Case for Deregulating Public Utilities 
Robert W. Poole, Jr., editor, the Reason Foundation 

Challenging the basic principles underlying public utility regulation, this book 
argues that the public is better served when these so-called natural monopolies 
are open to competition. A Reason Foundation Book. 
ISBN 0-669-10126-5 240 pages $25.00 


Market Making and the Changing Structure of the Securities 
Industry 
Yakov Amihud, Thomas S.Y. Ho, and Robert A. Schwartz, editors, New York 
University 
Foreword by William M. Batten 

This book brings together distinguished experts who write on such current 
issues as the evolving national market system, equity arbitrage, upstairs trading, 
and market making. Thorough discussions of electronic and intermarket trading 
and automated dealers are included, as are analyses of government's role from 
the perspectives of both the regulator and the regulated. A Salomon Brothers Center 
Book. 
ISBN 0-669-07335-0 1985 336 pages $33.50 


Food Policies and Food Security Under Instability 
Modeling and Analysis 
- David Bigman, The Hebrew University 

This book examines specific tactics and policy measures that jointly make up 
an overall strategy of enhancing food security in both rural and urban areas in an 
unstable environment. 
ISBN 0-669-05886-6 272 pages $29.00 


Lexington Books 

D.C. Heath & Company 

125 Spring Street 

Lexington, MA.02173 pe Naan: 


(617) 860-1204 
S {el 8g 


(800) 334-3284 





The Journal of International Economics ~ 
and Economic Integration Offers 


$5,000 


For the First Annual Daeyang 
Prize in Economics 


@ The Journal of International Economics and Economic Integration is published 
biannually by the Institute for International Economics, King Sejong University, 
Seoul, Korea. 


@ The purpose of the Journal of International Economics and Economic Integration 
is to support and encourage research in the area of international trade, interna- 
tional finance and other related economic issues that include general profes- 
sional interest in international economic affairs. 


@ The Journal of International Economics and Economic Integration welcomes un- 
solicited manuscripts, which will be considered for publication by the Editorial 
Board. 


è The Editorial Board wil! choose fourteen manuscripts for publication on an an- 
nual basis. 


@ The Editorial Board will choose the best manuscript out of the fourteen to be 
awarded the $5,000 Daeyang Prize in Economics. 


@ The manuscripts, which should be accompanied by an abstract of no more than 
100 words, should be typewritten, double-spaced, in English with footnotes, ref- 
erences, figures, tables and any other illustrative material on separate sheets. 


@ Three copies of the manuscript and all accompanying material should be sub- 
mitted to the following address by October 31, 1985 for consideration for. the 
1986 publication. 


Institute for International Economics 
King Sejong University 
Seongdong-Ku, Seoul, Korea 
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IT PAYS TO INVEST YOUR TIME IN— 
MONEY, BANKING, & ECONOMIC ACTIVITY, 3/E 
LLOYD B. THOMAS 


his text, noted for its impeccable 

organization, outstanding lucidity, and 
up-to-date material, provides solid 
treatment in all areas of money, banking, 
and economic activity. You decide which 
topics merit careful consideration and 
Thomas provides all the in-depth coverage. 


The revision of this invaluable te: 
includes: : 


U.S. budget and trade deficits, zero- 
coupon bonds, the Continental illinois Bank 
fiasco, and the breakdown of Purchasing 
Parity as an explanation of exchange rates) 


Thomas’ text far surpasses the value of 
others with: 

a more than 100 illustrations and 50 tables 
a carefully constructed end-of-the-chapter 
study questions 


a additional, updated sections reflecting 


inflation and unemployment 


m new focus on real interest rate 


behavior 


u a new chapter on banking issues, 
structure, and financial regulation 

- w a thorough analysis of post-1982 
developments {including the burgeoning 


Anew field of specialization 
in the economics of organi- 
zation is now offered, as a 
part of the Yale Ph.D. 
program in management 
sciences, by the Yale School 
of Organization and 
Management. 

Students in the Ph.D. 
program customarily receive 
substantial financial aid in 
the form of fellowships or 
assistantships. 


For additional informa- 
tion about the doctoral 
program, write: 

Director of Graduate Studies in 
Management Sciences 

Yale School of Organization and 
Management 

Box 1A Yale Station 

New Haven, Connecticut 06520 


a an up-to-date annotated reference list 


Take this opportunity to reserve your 
examination copy! Please write: 

Robert Jordan, Dept. CJ-554, 
‘Prentice-Hall, Englewood Cliffs NJ 07632 


PRENTICE-HALL 


Doctoral Studies in 
Economics of Organization 
at Yale University 


Economics of Organization Faculty 


Peter Cramton Game Theory; Bargaining Theory; 
Economics 


Joel Demski Accounting; Information Economics 


Bengt Holmstrom Organization Theory; 
Labor Economics 


Richard Levin Economics; Public Management 
Paul Milgrom Decision Theory; Economic Theory 
Sharon Oster Competitive Strategies; Economics 


Oliver Williamson Transaction Cost Economics; - 
Law and Organization 


Sidney Winter Economics; Organization Theory 
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AEA sponsored 
Group Life Insurance 
for you and your family— 
at attractive rates! 


The AEA Group Life Insurance Plan can help provide 
valuable supplementary protection—at attractive rates—for . 
eligible members and their dependents. 

- Because AEA participates in a large Insurance Trust 
which includes other scientific and technical organizations, the 
low cost may be even further reduced by premium credits. In 
the past eight years, insured members received credits on 
their April 1 semiannual payment notices averaging over 44% 
of their annual premium contributions. (These credits are based 
on the amount paid during the previous policy year ending 
September 30.) Of course future premium credits, and their 
amounts, cannot be promised or guaranteed. . 

Now may be a good time for you to re-evaluate your 
present coverage and look into AEA Life Insurance. Just fill out 
and return the coupon for more details at no obligation. 


Administrator, AEA Group Insurance Program 6-6 











r 1 
l l 
l I 
f 1255 23rd Street, N.W. I 
I Washington, D.C. 20037 : | 
I . 
I . Please send me more information about the AEA Life Insurance Plan. 
I Name Age l 
- Address ! 
| city State Zip 1 
l l 
L d 


Or—call today Toll-Free 800-424-9883 
(Washington, DC area, call 296-8030) 
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Look to St. Martin's Press 
for the latest word 
on major issues 
in contemporary economics 


Free Market Economics 
A CRITICAL APPRAISAL 


ANDREW SCHOTTER, New York University 


A careful analysis of the free-market eco- 
nomics argument, this book defines the 
basic assumptions of the argument and 
identifies their roots in the history of eco- 
nomic thought. Schotter reviews the major 
criticisms of the argument and raises some 
serious doubts about the blind advocacy 
of free market solunan to current social 
problems. 


Paperbound. 147 pages 
Just Published 


The Politics of International 


Economic Relations 
Third Edition 


JOAN EDELMAN SPERO, Senior Vice 
President, American Express Company 


A clearly written, carefully focused exami- 
, nation of the political dynamics of interna- 
tional economics, this book addresses all 
‘the major topics of concern in the field, 
including money, trade, multinational cor- 
porations, North-South relations, economic 
aid, and oil. This Third Edition provides new 
or expanded coverage of such important 
topics as protectionism, the declining 
* power of OPEC, the consequences of Third 
World debt, and the impact of high U.S. 
interest rates and the overvalued dollar A 
glossary of key economic terms is now 
included at the back of the book. 


Paperbound. 447 pages 


The Contemporary 


International Economy 
A READER 
Second Edition 


JOHN ADAMS, University of Maryland, 
College Park 


Intended as a supplement for courses in 
international economics and business, this 
book brings together 33 readings on the 
major issues in international economics 
today. The book provides a broad range of 
viewpoints, with selections by such noted 
economists as Martin Feldstein, Robert 
Baldwin, Herbert Grubel, Mordechai 
Kreinin, and Peter Drucker. The book is fully 
up to date: all but four of the readings are 
new to this edition. 


Paperbound. 548 pages 


To request a complimentary examination copy 
of any of these titles, please write us on your 
college letterhead specifying your course title, 
present text, and approximate enrollment. 
Address your request to: 


IN 
PRESS fey 
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ECONOMICS 
FORECAST 
785-86: 
Growth and- 
Productivity at 
Little, Brown 


Here’s what the forecasters 
- are saying: a 





ADVANCED 


INTERMEDIATE 










PRINCIPLES 


ECONOMICS 

_ Robert B. Ekelund, Jr: 
and Robert D. Tollison 
Available November 1 





NEW! 





ECONOMICS 


Robert B. Ekelund, Jr. and 
Robert D. Tollison 


#231231/cloth/864 pages/with Instructors 
Manual and Study Guide 

Also available in separate paperbacks: 
MICROECONOMICS (#231258) 
MACROECONOMICS (#231266) 


“The quality of the material is excep- 

- tional.... Their greatest success is in pro- 
ducing a text which is good for the student 
and, at the same time, provides an excellent 
foundation for lectures.” 

E. O, Price, Oklahoma State University 


“Ekelund/Tollison’s chapters are unusually 
clear and contain many superb examples 

- that should spark the interest of a student 
taking the course. in my judgment, you have 
a winner.” f 
David Gay, University of Arkansas 


“The text is very much up-to-date and, more 
important, is intimately related to topics of 
concern for the typical principles student.” 
Rich Hart, Miami University 


“This book prepares the student to under- 
- stand the complexity of modern policy 

debates. it should prove to be an exciting 

book to use.” 

Patrick Lenihan, Eastern Illinois University 





NEW! 


THE ECONOMICS OF 
MONEY, BANKING, AND 
FINANCIAL MARKETS 


Frederic S. Mishkin 


#574767/cloth/768 pages/with Instructor's © 
Manual and Study Guide 


“My overall reaction to the book is most 
favorable. itis the type of money and bank- 
ing text | have been looking for.” 

Don Schlagenhauf, Arizona State University 


“Mishkin’s integration of economic theory 
with empirical data makes this an exciting 
book for students....Also, the writing style 
is quite pleasant to read. | don't know how 
te advertise a good writing style, but stu- 
dents do learn better when the text is 
appealing.” 

Philip Brock, Duke University 


“Overall, | think you have a winner here.” 
Douglas Pearce, University of Missouri, 
Columbia i 


“This is a book | would like to adopt....it 
stresses the economic theory of money and 
banking, and it gives current examples so 
the theory (diagrams) can be grounded in 
the student's contemporary experience.” 
Robert Berney, Washington State University 


LITTLE, BROWN AND COMPANY 
COLLEGE DIVISION on i 
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INTERNATIONAL 
TRADE AND 
FINANCE 

Third Edition 

Robert E. Baldwin and 
J. David Richardson 
Available February 15 










REGULATORY 
REFORM: 
What Actually 
Happened 


THE ECONOMICS feonard'w. Weiss 
OF ANTITRUST 


and Michael W, Klass 














Don E. Waldman Available February 5 
Available December 15 
MICROECONOMIC 
THEORY AND 
APPLICATIONS 
Second Edition 
THE ECONOMICS Fogar K. Browning 
OF MONEY, Browning 
BANKING, AND Available November 15 
FINANCIAL 
MARKETS 
Frederic S. Mishkin 
Available November 1 
NEW EDITION! | NEW! 
MICROECONOMIC THEORY THE ECONOMICS OF 
AND APPLICATIONS ANTITRUST 
Second Edition Cases and Analysis 


Edgar K. Browning and 
Jacquelene M. Browning 


#112356/cloth/624 pages/with Instructor's 
Manual and Study Guide 


“| have tried a variety of texts but this is the 
first one which students have enthusias- 
tically endorsed.” 

John G. Riley, University of California, 

Los Angeles 


“In terms of the coverage and usefulness 
of the applications in my teaching, | con- 
tinue to believe that this is the best book 
on the market.” 

Don E. Waldman, Colgate University 


“J have used Browning and Browning for two 
years in my intermediate economics courses 
and I have been extremely pleased.... After 
reading through the new manuscript, the 
text looks even better than it did before.” 

„Patrice Karr Cohen, University of Mississippi 


“The new material on game theory is a wel- 
come addition. The prisoner's dilemma is 
aptly laid out and explained....it is sure to 
capture students’ imaginations.” 

David Emmons, Wayne State University 





34 BEACON STREET 
BOSTON, MASSACHUSETTS 02106 


Don E. Waldman 
#917915/paper/304 pages 


“| like the clarity of the analysis and the writ- 
ing, Waidman’'s ability consistently to idén- 
tify and explain the crucial economic issues 
involved in the cases discussed, and the per- 
ceptiveness with which he has chosen both 
the cases and the excerpts....” 

Lee Baldwin, Dartmouth College 


REGULATORY REFORM 
What Actually Happened 
edited by Leonard W. Weiss 
and Michael W. Klass 
#928984/paper/300 pages 


“Weiss and Klass evidently did a good job 
picking their authors. Most of them are well- 
established researchers on the regulated 
sectors in question..../’d love to offer such 
a course using material of the type that 
Weiss and Klass have assembled.” 

Richard E. Caves, Harvard University 


INTERNATIONAL TRADE 
AND FINANCE 

Third Edition 

Robert E. Baldwin and 

J. David Richardson 
#079278/paper/550 pages 
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- ALSO AVAILABLE 
FROM OUR 
GROWING LIST: 















MANAGERIAL ECONOMICS 

Robert F. Rooney 

#755966/cloth/480 pages/with Instructor's Manual/1985 
*,,.Rooney’s book has a fresh approach to managerial 
economics....it has a new feel to it, and seems to be 


a trailblazer.” 
Peter Schwarz, University of North Carolina, Charlotte 


MACROECONOMICS 


Third Edition 

Robert J. Gordon 

#321079/cloth/720 pages/with Instructor's Manual 
and Student Workbook/1984 


WORLD TRADE AND PAYMENTS 
An Introduction 


Fourth Edition 
Richard E. Caves and Ronald W. Jones 
#132276/cloth/544 pages/1984 


PUBLIC SECTOR ECONOMICS 


Second Edition 
Robin W. Boadway and David E. Wildasin 
#100528/cloth/480 pages/1984 


ENVIRONMENTAL ECONOMICS AND POLICY 


Paul B. Downing 
#191809/cloth/350 pages/1¢84 


LITTLE, BROWN AND 
COMPANY 
COLLEGE DIVISION 


34 BEACON STREET - 
BOSTON, MASSACHUSETTS 02106 
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Times Mirror College Ablishing 


Proudly Announces the Publication of 
These Fine New Texts in Economics: 


MODERN MICROECONOMICS 


By David N. Hyman 
Carefully organized and clearly written, Modern Microeconomics 
features the most thorough, up- -to-date treatment of microeconomic 
theory available. 
October, 1985. (2367-7) Available for January classes! 


ECONOMICS 
By John M. Barron and Gerald J. Lynch `` 
An excellent text for one-semester principles courses, Economics in- 
tegrates macroeconomic and microeconomic theory, with the impor- 
tant micro topics of individual decision making and market ex- 
change forming the foundation of macro analysis. 
January, 1986. (3060-6) 


READINGS IN MICROECONOMICS 


By William Breit, Harold M. Hochman and Edward Saueracker 


A classic newly updated, Readings in Microeconomics serves as an 
invaluable single source for the best and most significant papers in 
the field. 

_ January, 1986. (0795-7) 


qp Times Mirror College Publishing 
NZ “We're Raising the Standard” 





To reserve your complimentary copy, or to have a Times Mirror 
representative contact you, call toll-free 
(800) 325-4177. 
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Centennial T-Shirt 


celepraling the 
“100th Anniversary 
of the 


American 
Economic Association 


1885 - 1985. 


Now available by mail. 


Your next chance: the year 2085 


e Collector’s Item 


e Limited Edition 
© Satisfaction Guaranteed 





Top quality name brand T-Shirt (50% cotton and 50% polyester for easy 
care and no shrinkage) imprinted with the familiar AER cover design in 
authentic burgundy red with the AEA Seal in black, ss printed over your choice 
‘of light blue or tan fabric. 


er mm PLEASE PRINT CLEARLY me mee mee mane we ee ee oa mee e mee e 


Send to: Send _____ AEA’s Centennial T-Shirts at $9.95 each including handling 
ACADEMICS. and delivery. 

ie Se HR Drive Enclosed: check___ money order _— payable to ACADEMICS. 
P.O. Box 11768 Or charge my MasterCard ———— VISA ———. - 

Milwaukee, WI 53211 Card #. s Exp. Date 











Address. 





City State__ Zip. 








Signature 





Wisconsin residents add 5% sales tax. Allow 2-3. weeks for delivery. 
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SPREADSHEET STATISTICAL PACKAGE 


y STAT” 


Mainframe Capability, Accuracy and Speed 
for Your IBM Personal Computer 





. WORKS LIKE: LOTUS’ 





1~2-3) and the best of mainframe (SAS) in ONE. 
Yes, in ONE. 


It is almost effortless to use ySTAT even for the 
first time. And if you are familiar with Lotus 


1-2-3 or any other spreadsheet program, you are’ 


-ready to start using ySTAT. As in 1-2-3, you 
simply move the cursor to the appropriate menu or 
submenus and make your selection. 


Lets you enter or read data into the spreadsheet 
so that-you can see the data on the screen by 
scrolling sideways or up and down. the spread- 


sheet. You may enter, edit, copy, move, delete, ` 


select or do whatever you like to the data. 


ySTAT features advanced windowing technique for 
selecting variable names and displaying outputs 
and tables. 


* Uses dynamic memory allocation to give you. the 
maxinun. amount of memory for each procedure 


(PROC) that you may use at any time. You do not ` s 


.have to swap disks all the time. 


Accepts data received from time sharing systems, 
or data generated by other PC programs. It reads 


individual raw data for up to 255’ variables per’ 


record as well as multi-way tables as input. The 
data may be numeric, alphabetic, or hybrid, with 
or without missing values, 


YOU'll 





ySTAT combines the best of microcomputer (Lotus l 


BE GLAD THAT YOU 


1-2-3, WITH FEATURES LIKE SAS 


# ySTAT simplifies data transformation by perform- 
ing vector matrix operations from cell formula 
that only one formula is required for creating a 
whole column of values for a new variable. 


It includes the following: procedures (PROC): 
Means, Frequency, Summary, Correlate, Crosstab, 
Table, ANOVA, OLS, WLS, 2SLS, Autoregression, 
Pooling of time series and.Cross section, ete.- 


# ySTAT is a fast, highly accurate, economical, 
and, in many ways, superior alternative to main 
_ frame computing. Unlike the mainframe and many 
of its micro-offsprings which display a large 
data set or table in fragamented parts and line 
by line, ySTAT's screen displays -are rapidly 
presented as screen pages and can be scrolled or 
flipped over in all directions with a touch of 
one or two keys. A large table or data can be 
viewed continuously. 


SYSTEM REQUIREMENTS 


IBM: PERSONAL COMPUTER (PC, XT, AT), or other MS 
DOS compatibles; 1 floppy disk drive or a hard 
disk system; DOS 2.0 or 3.0 and 256K memory; with 
or without 8087/80287 math chip. 


“PRICE: $395. Demo disk available at $5. 


Introductory price at $295 for the first 1000 
inquirers (including demo purchasers), 


INQUIRED 


MING TELECOMPUTING INC. 


3 — Telecommunications and Statistics for Microcomputers 





23 Oak Meadow Road, P.O. BOX 101, 


Lincoln Center, MA 01773 


(617) 259-0391 


VERO HETERO eee ese r eo ROEM HEHEHE SESE EES ESSE OSE EE EO EH EEE SHEHEEE OES EEE ESE E SED EE HEHEHE EH HE EHH ESET REDE SESH ES ONE 


MING TELECOMPUTING INC., P.O. BOX 101, 


Please send: 


other 
IBM PC. ( 
other 


My system: ) IBM XT. ¢ 


Payment: a check is enclosed. 


Visa. ( 


RRA RAR AARON 
ee ee et a et 


Name Telephone: ( ) 





Address 


(SAMPLE OUTPUTS ARE AVAILABLE UPON REQUEST.) 


. Lincoln Center, MA 01773 


) MasterCard. Credit Card # - 
) a university or government purchase order enclosed. 





(617) 259-0391 


) ySTAT Package, for. $295. (Massachusetts residents: please add $14 95) 

YSTAT demo disk and information/sample output for $5 (to be credited for purchase) 
ySTAT information/sample output. 

) IBM AT. Memory -K 


with 8087 or 80287 math co-processor. 


* ` 


Expiration Date: J 





` Signature (if charged) 





IBM is a registered tredemark of Interaationat ‘Business Machines Corp., 1-2-3 of” Latus, SAS ‘of ‘SAS Institute 


Please mention THE AMERICAN Écononic Review When Writing to Advertisers 








Oxford 


Emerging From Poverty 

The Economics that Really Matters 

GERALD M. MEIER, Stanford University 

“As a fine a survey of the basic issues of development economics as we have had.” 
—Foreign Affairs. 

This book appraises the efforts by economists to understand the economics of being poor 
and to propose policy measures that will allow the countries of Asia, Africa, and Latin 
America to emerge from poverty. Writing with exceptional clarity and range, the author 
analyzes not only the current problems faced by these countries, but those that have 
existed over the past four decades. 

1984 (paper 1985) 256pp. cloth $29.95 paper $9.95 


Leading Issues in Economic Development 

Fourth Edition 

GERALD M. MEIER, Stanford University 

Completely revised and updated to reflect the current mood of stock taking and 
reassessment, this unique book brings order to the diffuse subject of economic devel- _ 
opment while maintaining a variety of viewpoints and different perspectives. The author 
uses a broad range of theoretical, applied, and policy materials in emphasizing the strategic 
policy issues which accelerate the development of Third World nations. 

1984 768 pp.;45illus. paper $19.95 


Pioneers in Development 

Edited by GERALD M. MEIER, Stanford University, and DUDLEY SEERS 

This book provides a retrospective view of the formative decade following World War H 

when a number of original and significant contributions were made by pioneers of 

_ development economies. In individual papers, these pioneers recapture the intellectual 

excitement , expectations, and activism of that period and provide rare autobiographical 
detail and insight into why they said what they did and what they now think about.the 

state of development thought and policy. 

1984 (paper 1985) 372 pp. cloth $29.95 paper $12.95 


The World Crisis in Education 

The View From the Eighties 

PHILIP H. COOMBS, International Council for Educational Development 

“This book provides a comprehensive overview of contemporary issues in education.” 
—Philip Altbach, State University of New York at Buffalo. 

In this sequel to his well-known book, The World Education Crisis, Philip Coombs identifies 
signficant educational trends which have developed over the past 20 years and examines 
critical future issues destined to confront all nations, with varying intensity, over the next 
15 years. Possible ways of coping with these issues are explored through educational 


reforms, innovations, and new forms of international cooperation. 
1985 384pp.;illus. cloth$19.95 paper $10.95 


Taxation for Development 
Principles and Applications 
STEPHEN R. LEWIS, Williams College 


This introduction to the analysis of tax policy in developing countries centers on the open 
economy and the ways in which openness to international trade and to movements of 
capital and skilled labor influence the scope for, and the effects of, tax policy. 

1984 256 pp.; illus. cloth $29.95 ‘paper $12.95 
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Game Theory With Applications to Economics 

JAMES W. FRIEDMAN, Virginia Polytechnic Institute 

This comprehensive new text is an excellent introduction to game theory using examples 
from currrent economics literature and politics. It covers those topics in game theory that 
are of great actual or potential use, such as noncooperative games, two-person cooperative 
games, and cooperative games with and without side payments. With its up-to-date 
coverage of the field, this book illustrates the breadth and depth of game theory’s influence 
on economics. 

January 1986 300 pp.; tables, graphs $24.95 


Input-Output Economics 

Second Edition 

WASSILY LEONTIEE, Institute for Economic Analysis, New York University 

In 1966, Wassily Leontief was awarded the Nobel Prize for his model of Input-Output 
economics. This collection of papers provides the only comprehensive introduction to the 
model he has written, and is now thoroughly revised—12 of the 18 papers are new to this 
edition. The book begins with non-technical articles on the theory af iniput-Oulput 

rer ae and progresses to more technical discussions and then to specific applications of 
the theory. 

1985 320 pp.;illus. cloth $29.95 paper $14.95 


Readings in Input-Output Economics 

IRA SOHN, New York University 

This collection of 28 of the best articles on the actual utilization of input-output analysis 
illustrates the wide applications of the model for which Wassily Leontief won the Nobel 
Prize. Never before have the wide appiranons of the input-output model been gathered 
together in a single volume tracing the evolving development of the methodology in the 
1940s up to the present. The book opens with an introduction by Sohn which is followed 
by an overview of the methodology of using input-output analysis. Six of the papers 
included here are written by Nobel Laureates. 

February 1986 416 pp.; 50 charts and graphs $39.95 


The World Economic Outlook 1985 

A survey by the staff of the International Monetary Fund 

The World Economic Outlook is an important supplementary book for courses in international 
economics and trade. Packed with the latest statistical information and insightful 
discussions of the major issues affecting today’s economy, it is an excellent student text: 
accessible, affordable, and an authoritative guide to the world economy. It contains three 
main sections: a survey of the performance of the world economy in the past year; 

soppe mnan notes on important topics such as oil, fiscal policy, commodities, and trade 
policies; and statistical tables on the world economy with projections through 1990. 

1985 283 pp.; charts and graphs paper $10.00 


To request an examination copy of any of the books listed above, send course information, including 
course title, level, expected enrollment, and decision deadline to: 
College Humanities & Social Sciences Marketing 


Oxford University Press 


200 Madison Avenue « New York, NY 10016 
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Economics of Worldwide Stagflation 
Michael Bruno and Jeffrey Sachs 


“This is serious suppl -side economics . . . An excellent and important 
book.”—Robert M. Solow $25.00 


YESS ea 

Racial Conflict and Economic Development 

W. Arthur Lewis 

Lewis discerns the ways in which race and economics affect individuals and gou s, bringing a 
personal viewpoint to the problems faced by both less-developed and more-developed 
countries. 

The W. E. B. Du Bois Lectures $12.50 


Tax Expenditures 
Stanley S. Surrey and Paul R. McDaniel . 
“This book is comprehensive, challenging, and constructive, and it fills a big void in the tax 


literature. It will interest economists, political scientists, lawyers, accountants, and legisla- 
tors.”—Joseph Pechman i 


‘Housing and Neighborhood Dynamics 

A Simulation Study 

John F. Kain and William C. Apgar, Jr. 

Using the Harvard Urban Development Simulation Model, the 
authors assess the effects of programs that provide direct assist- 
ance to low-income property owners in an attempt to arrest neigh- 
borhood decline and encourage revitalization. - 

Harvard Economic Studies, 157 


Family Firm to Modern Multinational 
Norton Company, a New England Enterprise 
Charles W. Cheape 


The history of Norton Company, so carefully detailed here from company records and inter- 
views, illustrates both the continuity and change important in the evolution of large-scale 
business in the United States. 

Harvard Studies in Business History, 36 $25.00 


Equality in America 
The View from the Top 
Sidney Verba and Gary Orren 


Based on a study of leaders from all significant sectors of American society, this book examines 
American attitudes toward equality by placing those beliefs in historical context and demon- 
strating a relationship between political and economic equality. 


Tax Revolt 
Something for Nothing in California 
Enlarged Edition 


David O. Sears and Jack Citrin 


“This book is the first substantial study of the California tax revolt. It is well crafted and well 
written and has great depth and sophistication. The topic is of intense interest and importance 
... A significant work.”—-Walter Dean Burnham $9.95 paper 


A Treatise on the Family 
Gary S. Becker 


$25.00 cloth; $12.50 paper 


ai 


$7.95 paper 


Harvard University Press 
79 Garden Street, Cambridge, Mass. 02138 
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IMF STAFF PAPERS 


Published quarterly in March, June, September, and December, the Staff Papers of 

the International Monetary Fund contains studies on monetary and financial 

problems affecting the world economy. Articles appearing in the June 1985 issue 

are: 

è A Monetary Analysis of a Small Open Economy with a Keynesian Structure 
by Peter Montiel 


e Exchange Rate Systems and Adjustment in Planned Economies 
by Thomas A. Wolf 


e The Choice of Exchange Rate Regime in Developing Countries 
by Peter Wickham 


e Food Subsidies: A Multiple Price Model by Robert R. Schneider 


è The Changing Role of International Bank Lending in Development Finance 
by David Folkerts-Landau 


Subscriptions for Staff Papers (US$15.00 for a volume, US$4.00 for a single issue, 
special rates—US$7.50 a volume—to university libraries, faculty, and students) 
should be sent to: 

Publications Unit, Box E-211 ¢ International Monetary Fund 
700 19th Street, N.W. e Washington, D.C. 20431, U.S.A. 
Telephone (202) 473-7430 





The American Economic Association is pleased to announce its 
Minority Fellowship Awards for 1985-86: 


Continuing Fellows: 


Darrell Gaskin, Massachusetts Institute of Technology 
Sam Green, Northwestern University 


Newly-appointed Fellows: 


Jaime Alvarez, University of Wisconsin at Madison 
Vernita Fort, University of Maryland 
Juan Gonzalez, Massachusetts Institute of Technology 


The Fellowships are awarded to minority students who are enrolled in their first and second 
years of study in a Ph.D. program in Economics. They are funded by a grant from The 
Rockefeller Foundation and administered by the AEA Committee on the Status of Minority 
Groups in the Economics Profession (CSMGEP). 


For more information, contact: Julie Marsh, Registrar, AEA Fellowship Program, Department 
of Economics, P.O. Box 1972 Yale Station, New Haven, CT 06520-1972. Phone: 203- 
436-3303. 
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Oxford 


Immigrant Workers and Class Structure in Western Europe 

Second Edition 

STEPHEN CASTLES and GODULA KOSACK, both at Fachhochschule, Frankfurt am Main. 

This book remains the only authoritative social scientific account to offer a truly international 
perspective of the mass movement of workers from Southern Europe and the Third World to the 
expanding economies of Western Europe during the postwar period. 

1985 576pp. cloth $32.50 paper $18.95 


Models of the U.K. Economy 


A Review of the ESCR Macroeconomic Modelling Bureau 

K.F. WALLIS, M.J. ANDREWS, and J.D. WHITLEY, all of the University of Warwick. In this systematic 
appraisal of U.K. models and forecasts of the British economy, the authors analyze models of five 
Economic Social Research Council-supported teams, thoroughly examining the models’ properties 
and their forecast performances. 

1985 160 pp.;25 figs. cloth $24.95 paper $10.95 


Social Insurance in Transition 

An Economic Analysis 

JOHN CREEDY, University of Durham, and RICHARD DISNEY, University of Kent. This book treats the 
economics of social security, examining the aims and operations of state social security systems, 
concentrating on the social “insurance” systems—pensions, unemployment, and sickness 
insurance. 

1985 208 pp.; 26 figs. tables cloth $26.00 paper $11.95 


Cost, Use, and Value 


The Evaluation of Performance, Structure, and Prices Across Time, Space, and Economic Systems 
FRANCIS SETON, University of Oxford with a contribution from ALBERT A. STEENGE, University of 
Groningen. This book presents a new conceptual framework for analyzing prices and values. The 
system proposes endogenously determined goods-prices and factor rentals, termed “eigenprices,” 
(the evaluators of product) and resource-flows (in terms implicit in their own economies) and . 
compares their structural ratios and performance criteria across different economic systems. 

1985 144pp. $21.95 


Data Analysis for Development 

ROBERT E. KLITGAARD, Harvard University. 

Exploring the nature of applied data analysis, this book illustrates the use of statistical techniques in 
analysirig policy problems. These techniques are applied to real development problems in Pakistan 
to demonstrate the usefulness of data analysis in development. 

1985 150pp. paper$12.95 


Working Women in Recession 

RODERICK MARTIN, University of Oxford, and JUDITH WALLACE. This book presents five case 
studies of plant layoffs in different manufacturing industries. Data is given on previous work 
experience, attitudes towards work, union activity and unemployment, and post-lay off experience, 
and the authors examine how women’s experiences of lay off compare with those of men. 
1985 260 pp.; numerous tables cloth $29.95 paper $15.95 
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- The Future Impact of Automation on Workers 


WASSILY LEONTIEE, and FAYE DUCHIN, both of the Institute for Economic Analysis, New York 
University. Extending the Input-Output approach of the U.S. economy for which Leontief won the 
Nobel prize, the authors analyze the future impact on the labor force of computer-driven 
automation. They concentrate in particular on computer-based technological change in industrial 


` production, office systems, education and health care. With the growing economic pressure to 


improve productivity in the U.S., part of the price will be further displacement of workers by 
computer based machines. The authors conclude that by the year 2000 automation will conserve 
about 10-15% of the labor force that would have been required without automation. The greatest 
impact will be experienced by the office labor force, particularly clerical workers. 

1985 288 pp.; 6 line illus. $27.95 


Economic Analysis of Accounting Profitability 
J. EDWARDS, University of Cambridge, and C.P. MAYER, both of the University of Oxford. This is an 
original and lucid treatment of a difficult subject: the economic analysis of accounting principles. The 


` authors show that there are a number of questions, such as whether a firm should enter or exit an 


industry or whether a particular project should be undertaken, for which appropriately constructed 
accounting data can give precise answers. à 
1985 144pp. coth$19.95 paper$8.95 7 


- Stimulating U.S. Productivity Growth 


Edited by WILIAM J. BAUMOL, New York University and Princeton University, and KENNETH 
McLENNAN, Committee for Economic Development. “A valuable contribution to clarifying the urgent 
need for policies to reinvigorate industrial proso auy improvements in the U.S.”——Bela Gold, 
Claremont Graduate School. This collection of papers by aang economic authorities investigates an 
important topic— the slowdown in U.S. productivity. Individual papers discuss the dimensions of 
the economic ‘problem, draw comparisons with other economies, especially Japan’s, and suggest 
ways to increase U.S. productivity. The volume brings together some of the best economic thinking 
ona topic of current importance. 

1985 272 pp. $19.95 


Reproductive Change in Developing Countries 

JOHN CLELAND, World Fertility Survey, and JOHN HOBCRAFT, London School of Economics. 
Probably the largest social survey ever taken (over 400,000 women from over 42 developing countries 
were interviewed), the World Fertility Survey has played a major role in documenting and 
understanding trends in fertility behavior. Unlike previous World Fertility Survey reports which have 
been of a highly technical manner, this book presents and assesses new trends in fertility behavior 
from the broader perspective of scientific knowledge, theory, and policy relevance. The book first 
covers the operational strategy and methodology of the WFS program, and secondly, its results. Each 
chapter discusses an issue of fundamental importance and explores the value and limitations of the 
contribution made by the World Fertility Survey. 

1985 320pp.; 11 figures $24.95 


Prices and publication dates are subject to change. 


To order send check or money order to: 
Humanities and Social Sciences Marketing Dept. 


Oxford University Press 
200 Madison Avenue * New York, NY 10016 
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Books that matter are Basic. 
What Do Unions Do? .. 


RICHARD B. FREEMAN & JAMES L. MEDOFF" 
Drawing on computer analysis of a wide range of economic and social data, two Harvard 
economists make a strong case for the positive value of organized labor's activities. “This 
is empirical study at its best. There is more information in the book on trade unions and 
their functions, all sensibly and calmly appraised, than has been assembled in any similar 
volume in years.”—JOHN KENNETH GALBRAITH, Harvard University 
Now in paperback, $9.95 Cloth, $22.95 


e @ e 
Thinking Economically 
How Economic Principals Can Contribute to Clear Thinking 
MAURICE LEVI 
How does “thinking economically” differ from plain common sense? What kinds of 
problems can it help solve? In this witty and informative book, Maurice Levi shows how 
economists approach real-life problems—from managing investments to planning leisure 


time—and how such reasoning can help everyone make better decisions. “A valuable 
and clearly written book.”—JACOB A. FRENKEL, University of Chicago Cloth, $16.95 


Money 
Fifth and Revised Edition 
LAWRENCE S. RITTER & WILLIAM L. SILBER 

The authors here provide the general reader with a complete and accurate guide to the 
sphinxlike world of money that is not only clear, but actually fun to read. “Any student 
in his first economic principles class should find this book enormously fascinating and 
instructive.’—EMERSON CAMMACK, Quarterly Review of Economics and Business. “Witty, 
irreverent, lucid, instructive.”—Financial Analysists Journal 

Now in paperback, $7.95 Cloth, $15.95 


e e a 
Decision Making at the Top 
The Shaping of Strategic Direction 
GORDON DONALDSON & JAY W. LORSCH 
From in-depth interviews with top executives of a dozen leading corporations, two Har- 
vard Business School experts draw a portrait of the goals, the pressures, and the trade-offs 
that go into today’s successful strategic planning. “Anyone interested in understanding 
the nature of mature companies will enjoy this close look at 12 successful U.S. companies 
to find out how they tick.”“—-DOUGLAS N. DICKSON, Harvard Business Review 
Now in paperback, $6.95 Cloth, $16.95 


Kaisha, The Japanese Corporation 
JAMES C. ABEGGLEN & GEORGE STALK 


A tough-minded look at the real strengths and weaknesses of the kaishas—the Japanese 
corporations—that are the driving force behind the Japanese economic surge. Drawing 
on more than 30 years of combined experience in Tokyo, the authors demonstrate how 
marketing, money, and manpower strategy, not management, make the Japanese world 
pace setters. Cloth, $22.50, October 


- Bad Business 
The OPM Scandal and the Seduction of the Establishment 
ROBERT P. GANDOSSY 


Here is a gripping account of one of the biggest business frauds in American history. 
For nearly 10 years OPM, a computer leasing company, fraudulently obtained more than 
$200 million until its scheme collapsed in 1981. Robert Gandossy has written a fascinating 
crime story that few readers will be able to put down. He has also raised some profoundly 
disturbing questions about the way we do business today. Cloth, $17.95 


Basic Books r Inc. 10 East 53rd St., New York, NY 10022 


Please mention Tue American Economic Review When Writing to Advertisers 


xxxvi 





Oxford 
Now Available! 


World Development | swisceipmen repon ms 
Report 1985 


THE WORLD 
BANK 


“The Report is essential reading for 
every intelligent layperson and for 
every professional in business, 
education, and government with 

any serious interest in world 
development and international 
economic relations.” (Rawle Farley, 
State University of New York at Brockport) 


The World Development Report is recognized worldwide as essential 
reading for economists, planners and policy makers, bankers and 
businesspeople, journalists, and development professionals of all 
kinds. In addition to offering a survey of development data and 
statistics worldwide, the World Development Report 1985 analyzes, 
from a long-term perspective, the role of international capital in 
economic development. It emphasizes the nature of the benefits, 
including faster economic growth and the facilitating of structural 
adjustments, which accrue to developing countries from their 
increased links with international capital. But it also points out 
attendant risks, for example that dependence on external capital 
may delay needed policy reforms. The economic policies of 
industrial countries are examined for their impact on developing 
countries, and it is shown in turn how the policies of developing 
countries can increase the benefits of international capital. The 
Report indicates how private and official lending channels through 
which international capital flows to developing countries can 
contribute not only to long-term économic development, but also 
to debt-servicing difficulties. Presenting economic projections for 
1985-90, the Report highlights policy options that could stimulate 
economic growth in developing countries and improve their credit. 
October 1985 243 pp.; graphs, charts, tables, and maps 

cloth $20.00 paper $9.95 





To request an examination copy, send course information, including course title, 
level, expected enrollment, and decision deadline to: 
College Humanities & Social Sciences Marketing 


Oxford University Press 


200 Madison Avenue « New York, NY 10016 
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MATHEMATICAL AND STATISTICAL PROGRAMMING PACKAGE FOR YOUR IBM PC 
FAST e EASY TO USE e pow ore 


~ GAUSS, 


YOU'VE NEVER SEEN ANYTHING LIKE IT! 
GAUSS sophisticated mathematical and statistical programming package for the IBM PC 
and dé “mmpatibles. It combines speed, power, and ease of use in one amazing program. 


GAUSS allows you to do essentially anything you can do with a mainframe statistical package 
— and a lot more. 


Personal computers are friendly, convenient, and inexpensive. So is GAUSS. aussi is not just 
a stripped-down mainframe program: GAUSS has been designed from the ground up to take 
advantage of all of fhe conveniences of a personal computer. After trying GAUSS, you may never 
use a mainframe again. 

- 1 GAUSS comes with programs written in its matrix pro- Ifyou can write it mathematically, you can write itin GAUSS. 
gramming language that allow you to do most econometric Furthermore, you can write it in GAUSS almost exactly the 


procedures, including OLS, 2SLS, 3SLS, PROBIT, LOGIT, way you would write it mathematically. 
MAXIMUM LIKELIHOOD, and NON-LINEAR LEAST SQUARES. GAUSS is 1 ed 5 times faster than cther programs that use 








In the current version, GAUSS will accept 
up fo 90variables in a regression. There is 
no limit on the number of observations. 


GAUSS will do a regression with 10 
independent variables and 800 observa- 
tions in under 4 seconds — and with 50 
variables and 10,000 observotions in 
under 18 minutes. It will compute the 
maximum likelihood estimates of a binary 
logit model, with 10 variables and 1,000 
observations, in 1-2 minutes, depending 
upon the number of iterations required. 


GAUSS allows you to do complicated 
Statistical procedures that you would never 
imagine trying on a mainframe. It is easy 
to program almost any routine, and GAUSS 
is So fast that it can do almost any job. But 


the nicest thing of all is that the cost of time on your 


personal computer is essentially zero! 





the 8087, and 15-100 times faster than 
other programs that do not use the 8087. 


As in APL, single statements in GAUSS 
can accomplish what might take dozens 
of lines in another language. However, 
GAUSS provides you with additional power- 
ful numerical operators ond functions — 
especially for statistics and the solution of 
linear equations — that are not found in 
APL. And, of course, the syntax in GAUSS 
is much more natural (for most of us)than 
that in APL. 


GAUSS hos state-of-the-art numerical 
routines and random number generators. 


GAUSS is extremely accurate. It allows 
you fo do an entire regression in 19 digit 
accuracy. It will compute the Longley 


benchmark coeficients in 5 hundredths of a second with an 
average of 11 correct digits! (Try thet on a mainframe!) 


GAUSS is an excellent teaching tool. It makes programming 


easy and allows students to focus on concepts and techniques. GAUSS, with its built-in random number generators and 


powerful functions and operators, is an excellent tool for 
doing simulations. 


GAUSS and the 8087 NUMERIC DATA PROCESSOR GIVE YOU MINICOMPUTER 
PERFORMANCE ON YOUR DESKTOP. 





SPECIAL INTRODUCTORY OFFER cat orwite APPLIED 
WI ie} one 
Back Saris : ~ SIART Reg. 395.00 $25000 TECHN ICAL 


SYSTEMS 


P.O. Box 6487, Kent, WA 98084 
(206) 634-6679 


GAUSS requires an IBM PC with at least 256K RAM, an 8087 NDP, 
1 DS/DD disk drive, DOS 2.0 (or above). 


IBM is Hademork of IBM Corporation 
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Daas OF 
ACONOMMUGS ARV CbIaS 


prepared under the auspices of 


- The Journal of Economic Literature 
ae of the 
American Economic Association 


y Each volume in the Index lists articles in major economic 
journals and in collective volumes published during a 
specific year. 


y Most of the Index’s volumes also include articles of testimony 
from selected congressional hearings in government 
documents published during the year. 


y No other single reference source covers as many articles 
classified in economic categories as the Index. 


Y The 1977 volume contains over 10,500 entries. 


Currently available are: 


Volume Year Covered an 
XI 1969 MET 
oa in indispensable 
XIII 1971 tool for... 
Wy 1972 ECONOMISTS 
XV 1973 
XVI : 1974 
XVII 1975 
XVIII 1976 
XIX 1977 
XX 1978 
XXI 1979 
XXII 1980 


Future volumes will be published regularly 
to keep the series as current as possible. 


Price; $50.00 per volume (special 30% discount to 
Distributed by AEA members) 


RICHARD D. IRWIN, INC.P9"*° iao 


REFERENCE LIBRARIANS 
RESEARCHERS 
TEACHERS 
STUDENTS 
AUTHORS 








Begin makno: Plats to attend the . 


Annual Meeting of. 
| The American 
Economic Association, 
Centennial Celebration 


(in Conjunction ‘with Allied Social Science Associations) 


a 


to be held in A 


NEW YORK, NY , 


„~ Dec. 28-30, 1985 - 


The Employment Center opens Friday, December 27. 


See the Notes section of the September AER for the American’ Economic Associa- , 
tion’s preliminary program, , ; 


$ se 
The 1986 meeting will be held in New Orleans, LA, December 28-30, 





